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Liebe Leserin, lieber Leser,

Forschung ist die Grundlage unseres Wissens und Handelns. Dies 
gilt besonders für den Klimawandel und seine dynamische Entwick-
lung. Eine der größten Herausforderungen der Zukunft weltweit, 
aber auch in Bayern, sind die durch den Klimawandel ausgelösten 
Veränderungen, die wir alle in vielen Bereichen spüren. Besonders 
plastisch wird uns das in der äußerst sensiblen Alpenregion vor 
Augen geführt. Die Gletscher – nicht nur die bayerischen – schmel-
zen, der Temperaturanstieg in den Alpen ist nahezu doppelt so hoch 
wie der globale Durchschnitt.

Es freut mich, dass wir in Bayern mit der Umweltforschungsstation 
Schneefernerhaus (UFS) auf 2.650 m Deutschlands höchst gelegene 
Forschungsstation betreiben können. Die UFS entstand durch den 

vollständigen Umbau eines 1931 errichteten Hotels als gemeinsame Initiative des Freistaats 
und des Bundes als Reaktion auf die Ergebnisse der Konferenz von Rio 1992. Seit 1999 bildet 
die UFS eine einzigartige Plattform für die kontinuierliche Beobachtung physikali scher und 
chemischer Eigenschaften der Atmosphäre sowie für die Analyse wetter- und klima wirksamer 
Prozesse. Sie trägt damit entscheidend zur Erforschung und Dokumentation des Klimawandels 
sowie zur Erarbeitung von Strategien und Lösungsvorschlägen zur Beherrschung der Klima-
folgen bei.

Die Station wird unter Federführung des Bayerischen Umweltministeriums als „Virtuelles 
 Institut“ geführt, dem neben Einrichtungen des Freistaates Bayern weitere hochkarätige Insti-
tutionen angehören, wie Umweltbundesamt, Deutscher Wetterdienst, Deutsches Zentrum für 
Luft- und Raumfahrt, Karlsruher Institut für Technologie, Helmholtz-Zentrum München, Max-
Planck-Gesellschaft, Ludwig-Maximilians-Universität München, Technische Universität München 
und Universität Augsburg.

Die vielfältige Forschung, die dort oben betrieben wird, umfasst ein weites Spektrum, das von 
regionalem Klima über Satellitenbeobachtung, kosmische Strahlung, Hydrologie, Umwelt- und 
Höhenmedizin bis hin zur globalen Atmosphärenbeobachtung und Wolkendynamik reicht.

Die Forscherinnen und Forscher arbeiten dabei eng zusammen und zeigen, dass gemeinsames 
Handeln einen großen Mehrwert bringt. Kooperation steht dabei im Mittelpunkt getreu dem 
Motto „Gemeinsam mehr sehen und mehr verstehen“.

Die Ergebnisse dieser Arbeit sind im vorliegenden Band zusammengefasst. Er gibt einen Über-
blick über aktuelle Forschung auf der UFS, bietet aber auch breites Grundlagenwissen für an-
gehende Forscherinnen und Forscher. Ich wünsche viel Vergnügen bei der Lektüre.

Ihr

Thorsten Glauber, MdL

Bayerischer Staatsminister für Umwelt und Verbraucherschutz

Preface Bavarian Stateminister
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Foreword Prof. Bittner

The Alpine region is particularly sensitive to variations of the Earth’s 
climate. Here, temperatures alter more strongly, the lengths of the 
seasons shift more noticeably, and changes in the water balance 
and the flow system of the atmosphere are more perceptible than 
in many other places on Earth. At the same time, the Alps are 
among the most densely populated mountain regions in the world. 
It is obvious: a sustainable development of this living and econom-
ic space for the people living there and the many tourists visiting 
this attractive region every year is important. This is also in line with 
internationally agreed environmental goals: at the European level 
with the Europe 2020 Strategy and the European Green Deal, and 
at the global level with the Kyoto Protocol, the Paris Agreement and 

the UN Sustainable Development Goals (SDGs), countries are required to adopt environmen-
tally friendly policies. 

The magnitude of changes occurring in almost all parts of the alpine Earth system is composed 
of so-called “intrinsic” forcings of the climate system (natural forcings such as the El Niño or 
the Quasi Biennial Oscillation etc.), “extrinsic” influences (e.g., solar radiation, solar wind, or 
cosmic rays), and, increasingly, anthropogenic activities (e.g., pollutant emissions from trans-
portation and industry). Research can help detect such changes, understand them, quantitative-
ly describe the processes at work, and incorporate them into computer models of the Earth 
system that give us a glimpse into the future. After all, the ability to answer the question “What 
if?” has become relevant for society; it supports decision-making in politics, business and so-
ciety. In this context, the more well-founded our knowledge, the more accurate the models and 
the more reliable the basis for decision-making are.

The Alps have a complex topography. This results in a particular diversity of quite different 
microclimates on comparatively small spatial scales, which cannot be well resolved by climate 
models to date. It should be stressed that this limitation of the spatiotemporal resolution of 
climate models is not solely due to a limited computing capacity. Increasing the spatiotempo-
ral resolution in models also requires a corresponding understanding of processes on finer 
scales to ensure an adequate representation of the processes represented in the model. Previ-
ous research has shown that the processes at work in the alpine Earth system are complex: in 
order to reach the abovementioned goal it is not sufficient to study the respective processes in 
isolation from each other. The next step must be to better link the processes in the various 
disciplines of the alpine Earth system (geosphere, biosphere, hydrosphere, cryosphere, atmos-
phere and also medicine), i.e. to identify and precisely understand coupling processes between 
the areas of the alpine Earth system as comprehensively as possible. This underlines that the 
respective specialized research groups must exchange their results and jointly search their data 
for climate signals that are evident in the different areas of the alpine Earth system. On this 
basis, a quantitative process understanding for the alpine Earth system can then be developed. 
This approach is in line with the strategic plan of the World Climate Research Program for the 
period 2019 to 2028. Also, the European program Destination Earth (DestinE), which aims to 
contribute to the European Commission’s Green Deal and Digital Strategy by developing a 
high-precision digital model of the Earth to monitor and simulate natural and human activities, 
will rely on the above coupling processes between the domains of the Earth system being 
correctly included in the model. 

The Environmental Research Station Schneefernerhaus, UFS, is a highly visible example of how 
the natural sciences are working to understand climate change. The research activities at the 
UFS are probably unique in the region in terms of their technical diversity and represent a 
“micro-lab” for the Alpine region – and comparable mountain regions – as a whole. It thus 
makes sense to bundle the expertise concentrated here in a way that opens the door to efficient 
interdisciplinary collaboration. In this way, an added value is created that clearly reaches be-
yond the sum of the individual contributions. 

On behalf of the Science Team of the UFS, in which prominent research institutions (Karlsruhe 
Institute for Technology, Helmholtz-Zentrum Munich, German Aerospace Center, Max Planck 

Preface Prof. Dr. Michael Bittner
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Society), universities (Technical University of Munich, Ludwig Maximilian University of Munich, 
University of Augsburg) and subordinate authorities of the Free State of Bavaria (The Bavarian 
Environment Agency, LfU) and the Federal Government of Germany (German Environment 
Agency, UBA, Germany’s National Meteorological Service, DWD) have joined forces to form 
the “Virtual Institute Schneefernerhaus”, may I say: the researchers working here are proud of 
this institution. The UFS serves us as a platform for experimental instrumentation and experi-
mental setups, much in the same way as satellites, research ships or research aircraft are used 
as “carriers” for scientific instrumentation. Depending on the scientific question, we make use 
of the laboratory facilities, measuring areas and building services provided for our investiga-
tions. In doing so, we receive the best possible support from our colleagues in the UFS opera-
tions team that a scientist or engineer could wish for. We greatly appreciate the fact that the 
Bavarian State Ministry for the Environment and Consumer Protection, BayStMUV, continuous-
ly and vigorously promotes and supports the maintenance and constant improvement of the 
station. I emphasize this because the UFS, as an efficient and modern research platform, is of 
outstanding importance for the competitiveness of our scientists in the field of environment-re-
lated research. It is indispensable for staying at the forefront of innovation, making significant 
technological advances and opening up new areas of research, which in turn can also serve as 
a driver for new areas of application. It should not stay unmentioned that networking with the 
Leibniz Supercomputing Center in Garching is also an important component of the UFS re-
search platform. The Alpine Environmental Data and Analysis Center, AlpEnDAC, which is joint-
ly operated here, facilitates access to computing capacity, to complex numerical computer 
models and to a wide range of data, thus helping to accelerate scientific progress. All this puts 
us in a position to make visible contributions to sharpen the forecasts of expected future de-
velopments. The final result is the best possible knowledge base on which to formulate more 
targeted environmental policy decisions. 

This book is intended to provide an insight into the diversity of scientific work in the UFS and 
also to put the work carried out in the context of current international research. In particular, it 
should also be able to be used as a source for the teaching of young scientists at universities. 
For this reason, the respective chapters also contain an outline of the technical basis of the 
research work presented.

Speaking for the entire scientific community active in the UFS, I hope you enjoy reading this 
book.

Prof. Dr. Michael Bittner

Augsburg, March 2022

Preface Prof. Dr. Michael Bittner
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1  Environmental Research Station 

Schneefernerhaus 

Location, History, Organisation 
Prof. Dr. rer. nat. Siegfried Specht1

Prologue

In recent decades, scientific progress has provided us with extensive knowledge about global 
warming and its immense, threatening consequences. Since the 1970s, these findings have 
been accompanied in the scientific community by a worldwide climate debate and an increased 
desire for supraregional cooperation. Efforts to further clarify the facts, to make the best pos-
sible predictions regarding the expected changes, and to develop goal-oriented strategies for 
effective mitigation and adaptation measures have been intensified. 

For the balance of anthropogenic interventions in creation, the term “Anthropocene” (Paul J. 
Crutzen) has meanwhile become accepted for our age.

The growing importance of this global scientific dialogue manifested itself in such important 
conferences as the first World Climate Conference in Geneva in 1979 (WCC-1/COP-2), the his-
toric “World Climate Summit” in Rio de Janeiro in 1992 (UNFCCC/Framework Convention on 
Climate Change), and the Climate Conference in Berlin in 1995 (COP-1/Berlin Mandate). 

Now held annually, the UN Climate Change Conference is the formal meeting of the Parties to 
the UN Framework Convention on Climate Change (Conference of the Parties, COP). Since 2005, 
the conferences have also served as meetings of the Parties to the Kyoto Protocol (1997/COP-3/
quantitative emissions limitation) and, since 2018, as meetings of the Parties to the Paris Agree-
ment (COP-21/2015/2-/1.5-degree target).

Particularly with the Paris Agreement, a piece of history was written, because here the commu-
nity of nations agreed to limit the global temperature increase caused by the greenhouse effect 
to “well below two degrees Celsius” compared to the pre-industrial age, “with the ambition” 
to limit it (if possible) to 1.5-degrees Celsius.”

Against this background, the results of the recent climate conference in Glasgow (COP-26), 
which was postponed to 2021 for pandemic reasons, can certainly be seen as a reaffirmation 
of the Paris agreements and also as another positive milestone on the road to climate-neutral 
economic and social systems. After all, around 200 signatory states have agreed on a final 
protocol, the implementation of which will have a strong, global orientation function.

Above all, agreements and concessions were reached on the acceptance of scientific findings 
by political decision-makers. And associated with this, a significantly stronger acceptance of 
scientific, model-based mitigation and adaptation strategies as a basis for future-oriented po-
litical action. The currently discernible progress of climate-neutral economic and social concepts 
is important evidence of this.

Notwithstanding this, there are still varying deadline commitments for achieving the interim 
targets considered necessary, as well as problem areas that could only be inadequately ad-
dressed or did not find sufficient entry into the final document.

Positive examples are the additions to the rules on the uniform recording of greenhouse gas 
emissions and on international trading in emission certificates, as well as the emphasis on the 
role of ecosystems as natural CO2 sinks, the preservation or restoration of which has been 
clearly highlighted as important measures.

1 Former head of department at the Bavarian State Ministry of the Environment and Consumer Protection (BayStMUV), 
Munich, and 2007–2016 Chairman of the Consortium of the “Virtual Institute” – Environmental Research Station 
Schneefernerhaus/Zugspitze (UFS)
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1
Negative balance points are the too vague formulation of the coal phase-out (“phase down” 
instead of “phase out”), the insufficient consideration of the interactions between climate and 
biodiversity and, last but not least, the insufficient financial support from the perspective of the 
developing countries to compensate for the existing and foreseeable damages and losses 
caused by climate change (“LOSS and DAMAGE”).

It should be emphasized, however, that the conference in Glasgow sent a clear signal to the 
community of states to significantly increase their contributions to limiting CO2-emissions with 
the goal of recognizably limiting the temperature increase caused by humans due to the green-
house effect to 1.5 degrees Celsius. The calculations in this regard cover the beginning of in-
dustrialization in time up to the year 2100, using the average of the years 1850 to 1900 as the 
pre-industrial value.

This increased acceptance for a more targeted approach to the 1.5-degree target is reflected in 
the significantly improved climate protection programs of some countries, as expressed, for 
example, in more ambitious targets for achieving climate neutrality.

The Federal Republic of Germany is now aiming for climate neutrality by 2045. The United 
States, Japan, South Korea, the United Emirates, Australia, and probably also Brazil want to 
achieve this goal by 2050. Russia, Saudi Arabia, and China have pledged to achieve this goal 
by 2060, although China still insists on an emissions maximum in 2025 or 2030.

The EU Commission plans climate neutrality by 2050, but wants to reduce emissions by at least 
55% by 2030 compared to 1990 (Handelsblatt 2022/01).

The Free State of Bavaria wants to achieve climate neutrality by 2040 (Bayern 2021), with the 
interim goal of ensuring a 65% reduction in greenhouse gas emissions by 2030 (StMUV 2021).

Important climate goals of the current federal government for 2030 are, among others: 80% of 
electricity from renewable sources, quadrupling of solar and wind power plants at sea, reser-
vation of 2% of the federal area for wind power plants, solar obligation for new commercial 
buildings, natural gas as a transitional energy source, conversion of organic farming in agri-
culture to 30%, climate-neutral generation of heat at 50% and bringing forward the coal phase-
out “ideally” to the year 2030 (Franz 2021).

A study conducted by the Berlin University of Applied Sciences (HTW) in 2021 shows that these 
reduction approaches can only be a start worldwide. Using a so-called “per capita budget ap-
proach,” the scientists calculated an upper limit for the CO2-emissions still permissible world-
wide for achieving the 1.5-degree target and derived the German per capita share from this. 
(Quaschning 2021). 

As a result of these model calculations, it is shown that the climate protection measures adopt-
ed by the governing “Ampel-Coalition” make carbon dioxide neutrality by 2045 seem possible, 
but not compliance with the Paris Agreement (idw 2021). To achieve the latter, climate neutral-
ity would be required between 2030 and 2035 (equivalent to an emissions limit of only 6.7 
billion t CO2) (SVR 2019).

The aspect of the foreseeable exceeding of the emission budget to which the FRG is still arith-
metically entitled (Quaschning 2021) is the key point of the currently pending renewed consti-
tutional complaint of January 26th 2022 against the amendment of the German Climate Protec-
tion Law of August 31th 2021 (see below).

All this is evidence that, despite all the difficulties and conflicts of interest, world politics has 
recognized that contractual agreements have become indispensable. In other words, it has been 
understood that humanity must protect itself from becoming a force of nature that Genesis did 
not intend for it. This is at the same time a historical-social mandate that must also be respon-
sibly shared by science.

In order to fulfill this mandate in a socio-politically correct and credible manner, science must 
communicate its results in a fair and comprehensible manner. A clear distinction must be made 
between whether a statement is proven, whether it is merely based on a (plausible) assumption, 
or whether it is based on a (well-founded) hypothesis. For general usage, this means a strict 
separation of facts and opinions. This procedure is also indispensable against the background 
that statements in the media are often only possible in abbreviated form and there is too little 
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time to also name the “error bar” and explain the boundary conditions under which the state-
ment alone is valid.

It is the author’s conviction that the boundaries between political and scientific competence 
should also be strictly observed. This is a proven rule of conduct in democratic societies, be-
cause democracy is per se committed to truth-orientation. 

If this is the case, scientists can rely on their acceptance and, if necessary, demand the respect 
due to them for their work. However, just because they think they know something better and 
represent a good cause, they should not be tempted to take on the role of politicians and their 
media-savvy use of language.

The research findings on global warming clearly show that there will be winners and losers. In 
climate research in particular, this finding in no way releases scientists from their obligation to 
publicly point out the consequences of their research findings and to comprehensibly review 
the effects of measures taken by policymakers. 

In short, scientists must strictly adhere to the communication rules of their profession, because 
laws of nature are not a matter of faith.

In this respect, the profession of scientist is also a privilege that must be justified again and 
again through honesty to the public.

In this context, the right to freedom of expression in public debate is indispensable. In our 
society, there is a guaranteed right to one’s own opinion. However, there is no right to one’s 
own facts. Therefore, a fair debate does not justify “alternative facts.” 

Based on the results of COP-26 in Glasgow, it can now be seriously assumed that the available 
scientific facts have found general acceptance and that a global consensus on curbing anthro-
pogenic global warming can be reached on this basis.

The existing legal requirements in the countries on the way to climate neutrality or to achieving 
the 1.5- degree target are currently accompanied in Europe by highly motivated constitutional 
lawsuits demanding further-reaching measures in a shorter time.

With regard to the Paris Agreement, for example, the German Federal Constitutional Court 
(BVerfG-2021/01), in its ruling of April 29th 2021, saw in the then applicable version of the Climate 
Protection Act (KSG) the unreasonable risk of a serious loss of freedom for the younger gener-
ation (this was the tenor of the decision). With reference to the results of Glasgow and the 
emission limits promised in the meantime to achieve the 1.5-degree path (see above), a new 
constitutional complaint was filed on January 26th 2022. This time against the climate protection 
law amendment of August 31th 2021. A decision is expected by February 2023 (BVerfG 2022/02). 
If one takes into account an existing ruling by the District Court of The Hague (Netherlands) of 
May 26th 2021 on the SHELL Group (SZ 2022/01), it will be interesting to see whether the up-
coming ruling from Karlsruhe could possibly lead to a fundamental discussion between the 
judiciary and the legislature. in which the state of science would also be of importance (as of 
February 2022).

Another example of pending court decisions on climate issues is emerging with regard to the 
EU Commission’s current taxonomy proposals. On February 2th, 2022, the Commission decided 
by means of a delegated act to include nuclear power plants and gas-fired power plants (at 
least temporarily) in its taxonomy regulation. Provided they each meet a number of time, tech-
nical and licensing requirements, they would thus qualify as “sustainable”.

By awarding this “green” label, the applied classification system is intended to improve the 
market overview for authorities and investors and to increase the attractiveness for “green” 
investments. The Commission’s aim is to accelerate the transition to a climate-neutral Europe-
an economy and to prevent so-called “greenwashing” through various reporting requirements. 
If the EU Parliament (with a qualified majority) and the EU Council of Ministers do not object 
within four to six months, the law will automatically enter into force.

In this case, some EU countries have already announced that they will file individual lawsuits 
against the inclusion of both or at least one of the two power plant systems (status February 
2022).
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1
As expected, opinions clash hard in the current political taxonomy debate, with conceptual 
distinctions between “sustainable,” “climate-friendly,” “environmentally friendly,” and “green” 
often not made. In line with the different meanings of the terms mentioned, different positions 
are quite likely to emerge on this issue, which is very significant for climate protection in gen-
eral and for the upcoming industrial transformation of society. Be it for reasons of realistic 
feasibility, be it with regard to acceptance or be it from the point of view of political credibility.

Depending on the interests at stake, conflicting conclusions and positions are to be expected 
in the interpretation of the “bridge technology gas” alone, which is considered absolutely nec-
essary in Germany. The already decided phase-out of nuclear energy (by the end of 2022) and 
of coal-fired power generation (by 2030?/2038) , according to studies, requires 70 new gas-fired 
power plants in order to achieve the climate targets with security of supply (Handelsblatt 
2022/02). 

In order to ensure the targeted climate neutrality from 2045, the gas-fired power plants availa-
ble by then would then have to be operated with hydrogen or biogas.

The French government argues similarly: With reference to the additional requirements of the EU 
taxonomy regulation, the construction of up to 14 new nuclear power plants is announced for the 
period up to 2050. Currently, 56 reactors are in operation, covering 70 % of the electricity demand. 
Two-thirds of French energy consumption is still based on fossil fuels such as oil and gas. This 
share would have to be completely replaced by regenerative sources by 2030. (SZ 2022/02)

Without prejudging pending court decisions, reference is made to the following information: 
• The 1987 Brundtland Report of the UN World Commission on Environment and Development 

states: “Sustainable development is development that meets the needs of the present gen-

eration, without compromising the ability of future generations to meet their own needs.” 
(Brundtland 1987)

• In the Amsterdam EU Treaty of 1997 and in reports of the Enquete Commission of the German 
Bundestag “Schutz des Menschen und der Umwelt” (Protection of Man and the Environment), 
the so-called “Three-Pillar-Model of sustainability” as an important achievement of environ-
mental protection in the economy, politics and society and as an important, future-oriented 
development of human existence in the economic, ecological and social dimension. 
 According to this model, sustainable development is based on a balanced relationship be-
tween economy, ecology and social aspects. (Stoll 2022). 

Of course, policymakers always have a duty to take appropriate and effective precautions 
against hazards. However, it must be borne in mind that statutory measures must be balanced 
in accordance with the constitutional principle of proportionality, with the consequence that 
they can generally only be aimed at minimizing risk, because 100 % exclusion of many risks in 
a liberal social order would fail due to constitutional limits.

Analogously, it remains the task of science to develop methods and algorithms with which the 
effects of political decisions can be estimated as early and reliably as possible. In doing so, it 
is essential for all stakeholders to take into account the state of science as far as possible for 
the present and with regard to future generations.

In today’s society, the objection is often raised that the political value of knowledge is often 
overestimated and that we will never know enough to permanently avoid erroneous develop-
ments or even errors. Socrates is fondly quoted as saying in his defense speech before the 
Athenian court in 399 B.C.: “I know that I know nothing.” Contrary to the common translation, 
however, the correct quotation is “I know that I do not know”. So we can confidently assume 
that Socrates did not intend to negate all knowledge for himself, but merely to point out the 
limits of human knowledge in general.

Of course, we will never know “everything.” But future generations will certainly not accuse us 
of being knowledge-based, but of not paying enough attention to the knowledge we do have. 
We may not know everything when it comes to making decisions, but we know enough to act 
in a sustainable manner.

Quote: “Whether humanity has the collective wisdom to navigate the Anthropocene to sustain 

a livable biosphere for humans and civilizations, and for the rest of the life with which we share 

the planet, is the most daunting challenge facing humanity” (Queally 2021). 
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Having recognized this at an early stage is one of the merits of the research partners at the 
“Virtual Institute – Environmental Research Station Schneefernerhaus/Zugspitze (UFS)”. The 
pressing issues of climate change, which will dramatically affect our future, have been the focus 
here for about 25 years. It is significant that this research is conducted in an interdisciplinary, 
cross-border manner and in a constant collegial exchange of the knowledge gained. Fair infor-
mation of the public while maintaining scientific principles is a matter of course. In the follow-
ing, the history of the institute and its high alpine environment are presented in more detail.

1.1  Introduction – The UFS as a center for climate and 
high-altitude research in the Zugspitze region 
(“www.schneefernerhaus.de“)

Fig. 1: View to the east with the Schneefernerhaus and the Zugspitze summit 

Germany’s highest research institute, the “Virtual Institute – Environmental Research Station 

Schneefernerhaus / Zugspitze (UFS)” is situated at an altitude of 2,560 m above sea level, and 

is built into the south wall of the Zugspitze mountain.

Standing nine storeys tall, and with two storeys, protrude into the deep rock, the main building 
is firmly embedded in this section of the Wetterstein mountain range.

It is named after the nearby glacier and was originally a hotel bearing the same name built in 
1929. The conversion was funded by the Free State of Bavaria and the Federal Republic of Ger-
many.

The UFS has a several outdoor platforms for observations, measurements and experiments, 
and also has access to a unique botanical garden on the nearby Schachen (1,870 m above sea 
level) with indigenous plants from the Alps. The UFS is operated in trans-border cooperation 
with key high-altitude research stations of the Alpine region within the framework of a scien-
tific cooperation agreement (see chapter 8 and 10).
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Now networked worldwide, the UFS is, today, a research platform, observatory and scientific 
communications center in one. It also provides the world’s only education and training center 
for atmospheric scientists from developing countries.

The UFS is surrounded by the Zugspitze massif (Fig. 2) where a section of 
the German-Austrian border stretches towards the west. The summit ridge 
has the shape of an eastwards-opening horseshoe and rises over 2000 m 
above the valley. 

The longer side of the horseshoe is formed by the almost 20 km long east-
west ridge of the Wetterstein mountain range, whereas its shorter side is 
formed by the massive side flanks of the so-called Riffelwände which ex-
tend as far as the two Waxenstein peaks and the Loisachtal valley beyond.

The horseshoe itself surrounds the so-called “Zugspitzplatt” (karst plateau) 
in its center, and to the west the (smaller) “Southern Schneeferner” and 
the (larger) “Northern Schneeferner” – two of today’s three remaining Zug-
spitze glaciers (Fig. 3).

To the north west of this rugged mountain ridge rises the twin-peaked 
summit of the Zugspitze – Germany’s highest mountain – reaching 2,962 m 
above sea level. The mountain was first mentioned in records in 1590 and 
for a long time bore the masculine name “der Zugspitz”. Right up into the 
19th century, it was regarded by locals as an untouched fortress of ice, and, 
with its dramatic avalanches, “absolutely unclimbable.”

Looking out today onto the surrounding area of the Schneefernerhaus,, one 
can see tourists, restaurants, ski slopes extending between 2,000 m and 
2,800 m, and the small chapel “Mariä Heimsuchung” (see chapter 06).

Towering above everything else is the western summit of the Zugspitze 
that now, since December 2017, bears the new high-tech cable car “Seil-

bahn Zugspitze“ (“Zugspitze Cable Car”, see chapter 06). Next to it, practi-
cally untouched, is the eastern summit with its distinctive golden summit 
cross (Fig. 4). The first summit cross was erected in 1851 at the initiative of 
the priest Christoph Ott, who was also a meteorological observer based at 
Hohenpeissenberg that is situated somewhat to the north of the mountain 
range. The summit cross was originally erected on the western summit, 
which at that time stood 2 meters higher than the eastern summit.

Due to increased development of the western summit for other purposes, 
the summit cross was restored in 1982 and then re-erected on the adjacent 
eastern summit. In 1993 it was replaced with a replica which was restored 
in 2009 and which had to be repaired again in 2017 after damage caused 
during the construction of the new Cable Car “Seilbahn Zugspitze”.

It is to be noted, however, that although the tourist infrastructure on the 
Zugspitze massif was established at a very early date, it was not this which 
was directly responsible for the inception of the research station UFS 
which, size-wise, is unparalleled anywhere in the Alps. Well before this 
time, some 200 years ago in the Napoleonic era, interest in this area was 
triggered when the exact delineation of borders was required due to the 
frequent changes in land ownership. This was coupled with a growing sci-
entific interest in this high altitude “terra incognita”, this interest being pre-
dominantly focused on the flora and, most particularly, on the weather.

Despite the inadequate mountaineering equipment at the time, a kind of 
“Faustian urge” developed to venture into these seemingly inhospitable 
high alpine mountains with their mighty glaciers.

It is therefore exciting to tell, together with the history of the Schneefer-
nerhaus, also about one of the most magnificent views in the entire north-

ern ridge of the Limestone Alps, about the adventurousness and scientific curiosity of the locals, 
about the first technical achievements, about the rivalry of the neighboring countries, about 

Fig. 2: IKONOS-Satellite photo of the 
Zugspitze massif 

Fig. 3: The glacier “Northern Schnee-
ferner (NSF)” in 2009 

Fig. 4: Summit cross on the eastern 
summit of the Zugspitze



13Chapter 1

the impressive flora and fauna, about the carelessness in the course of the emerging mass 
tourism, and, also the ever-present risks and dangers that are encountered at high-altitudes – 
even today.

1.2  A brief historical account of the development of the 
Zugspitze region and the “Plattachferner” glacier

From a historical point of view, the regional upswing of the Zugspitze and its surroundings 
began at the beginning of the 19th century.

In 1802, the region “Werdenfelser Land” became part of the Electorate of Bavaria (“Kurbay-
ern”), after having belonged to the Prince-Bishopric of Freising for over 500 years as Imperial 
County (“reichsunmittelbare Grafschaft”).

(The Greek letter “y” in the name “Bavaria” was, however, only introduced bindingly in 1825 
by the Bavarian King Ludwig I.).

In 1806, the Elector Maximilian I. Joseph (honorary member of the Bavarian Academy of Sci-
ences since 1781) was appointed King of Bavaria by Napoleon.

This was reason enough for him, (once again) to accurately determine the borders between the 
new kingdom and the Austrian neighbor country for the “Werdenfels map” in the “Atlas of 
Bavaria”. This concerned, in particular, the boundary along the “Wetterstein ridge” (Wetter-
steinkamm) and around the rocky ridges surrounding the “Platt” (plateau).

Another survey campaign about ten years later became important for strategic reason in order 
to incorporate the geographical border changes that had resulted from the agreements of the 
Congress of Vienna.

The order for mapping this region was given by the “Royal Bavarian Topographical Institute” 
to the “Royal Bavarian Lieutenant Josef Naus” who was born in Reutte-Lechaschau, Tyrol and 
was a trained surveyor. The first attempt to reach the top of the “Zugspitz” failed, but the second 
one was successful. On 27th August 1820 he finally reached the western summit of the “Zug-

spitz” via “Platt” and “Schneeferner … after overcoming several deadly perils and engaging in 

extreme efforts”. Lieutenant Naus was accompanied by his “surveying assistant Maier“ and the 
guide Johann Georg Tauschl, and had already climbed several other mountains above the 
“Loisachtal” valley in preparation for this ascent.

Because of bad weather and a lack of time, they could only leave behind “a short climbing stick 

with a red cloth tied to it to mark their success” “to prove we were there”. Lieutnant Naus is 
documented as being the first person known to successfully climb the mountain. Whether he 
reached the Eastern Summit of the Zugspitze as well is not known.

Although not yet recognized as such, this marked an important step in the history of the “Sci-
entific Location Zugspitze”. Scientifically motivated excursions were already taking place at this 
time. First meteorological data were being collected und spectacular first ascents of other high 
mountains were being accomplished. A prime example is the “Meteorological Observatory at 
Hohenpeissenberg“ that, today, with its continuous meteorological record from 1781 onwards, 
and the psychrometric water vapor measurements that started in 1841, boasts two of the 
world’s longest measurement series in this field. Other examples of the “zeitgeist” are the first 
ascents in particular of Mont Blanc in 1786, Grossglockner in 1800, Ortler in 1804 and the Jung-
frau-Massif in 1811.

Other early scientific high-altitude expeditions at this time are described in the landscape stud-
ies of diplomat and nature researcher Count Franz Gabriel von Bray,president of the Botanical 
Society in Regensburg from 1811. These studies were published in 1808 and again in 1825 
(“Reise durch Tirols Alpen” / “Journey through Tyrol’s Alps”). In 1807 Gabriel von Bray had set 
off from Partenkirchen with other like-minded scientific colleagues and a dozen porters. He 
writes “... the purpose of our journey was to follow the river Partnach to its source on the glacier 
between Zugspitze and Wetterstein, to measure its temperature at different altitudes and also 
to botanise the plants”. In the light of this, it is important to remember that the Alpine glaciers 
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– related to modern times – probably at their greatest expansion in the first half of 19th century 
and were particularly difficult to reach. Not least because of this situation, the first winter ascent 
of the Zugspitze did not take place until 1882. It is therefore useful to take a brief look at the 
development of the Alpine glaciers.

1.3 Notes on the Bavarian Alpine glaciers

Although our knowledge is far from complete, we do know a great deal about the history of 
Alpine glaciers. Not least thanks to the excellent research projects of the “Geodesy and Glaci-
ology Team of the Bavarian Academy of Sciences and Humanities (BAdW)” as well as the 
“Photogrammetry and Remote Sensing Team of the Technical University of Munich (TUM)”. 
Reference is made here to the publication (Mayer et. al. 2021).

Their archives contain one of the longest data records of direct glacier mass balance observa-
tions at Vernagtferner glacier in the Ötztal / Tyrol. The regular glacier geometry surveys date 
right back to 1889, when the first accurate topographic map of an entire glacier was produced 
by Prof. S. Finsterwalder. These researchers also maintain a series of surface surveys for all 
Bavarian glaciers spanning more than 70 years. In particular, they have been monitoring the 
glaciers at the foot of the UFS, just south of the Zugspitze summit, for over 120 years. Series 
of measurements of this kind are a unique and irreplaceable source of information for scientif-
ic understanding of the history of glaciers and climate change.

Global climate variations modify the local meteorological conditions, which are the driver for 
glacial evolution. However, response times of glaciers are in the order of decades and thus in 
the same timescale as the definition of climate (the mean atmospheric situation, averaged over 
30 years). The documentation of glacial variations (e. g. retreat and advance cycles) therefore 
allows inferences to be made concerning the local climate variations in the past.

Without going into great detail, the history of Alpine glaciers can today be summarized as 
follows (Mayer 2021/02):

• During the so-called “little ice age” (about 1570 to 1850) the Alpine glaciers showed a peri-
odic fluctuation. Approximately every 35 years on average, expressed advance periods could 
be observed that were interrupted by periods of glacier retreat. It is assumed that this glacier 
reaction was triggered by periodic changes between cool and wet as well as hot and dry 
summers. The last major advance period lasted until 1850. At this time, the glaciers also 
reached their maximum size during the entire period. Their surface extent was about twice 
that in the late 20th century. 
These characteristic cycles became less and less pronounced and were no longer perceptible 
after 1850, when an overriding trend toward warmer conditions slowly took control. In con-
temporary climate research, it is generally accepted that the increase in greenhouse gas 
imissions since the beginning of industrialization is responsible for this trend in global warm-
ing. Finally, after 1980 this development became the dominant factor and has been influenc-
ing glacier development ever since.

• At the end of the “little ice age”, after around 1850, a consistent and ongoing decline in the 
mass and surface area of Alpine glaciers was observed, corresponding to the upward trend 
of the global mean temperatures. This was interrupted by two minor phases of glacial growth 
before 1920 and during the 1960s and 1970s, which – just as during the little ice age – were 
most likely driven by periods of cool and wet summers. The drivers behind these deviations 
from the general trend were considered to be a combination of periodically decreased solar 
radiation, a denser cloud cover, and on short time scales greater turbidity in the stratosphere 
of the Earth’s atmosphere due to sulphate aerosols coming from massive volcanic eruptions 
(e. g. Agung / Bali) (Weber, Braun 2018).

• Other probable reasons for the short growth periods are the increase in air pollutant imissions 
as a consequence of increasing global industrialization after 1850 and, on the other hand, the 
counteracting effects of legal Measures to improve air quality at the administrative level. This 
is a physically coherent approach, known in the scientific community as “Global Dimming / 
Global Brightening”-Effect. Although it took years of research and scientific debate to con-
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solidate the general conclusion about the significance of this effect. However, a direct link 
between global brightening / dimming and the local glacier evolution is hard to prove.

• There are currently five glaciers in the Bavarian Alps:
 − „Nördlicher Schneeferner (NSF)“ (“Northern Schneeferner”);
 − „Südlicher Schneeferner (SSF)“ (“Southern Schneeferner”);
 − „Höllentalferner (HTF)“ (“Hell Valley Glacier”);
 − „Watzmanngletscher (WMG)“ (“Watzmann Glacier”);
 − „Blaueis (BEI)“ (“Blue Ice”).

The first three on this list are in the immediate vicinity of the Zugspitze and the remaining two 
are in the Bavarian Berchtesgaden region.

In 2018, they covered a total area of 44.6 ha with a volume of 3.95 million m3. In the last decade 
alone, they have lost a total of almost two-thirds of their volume. The “Nördlicher Schneefer ner 
(NSF)” is the only one of them, to date, on which ski lifts are being operated. Due to its ice 
losses, however, it is now only the second largest of these glaciers, behind the HTF.

The story of the Bavarian glaciers fits nicely into these general historical observations, which 
can be especially well demonstrated using the two Schneeferner glaciers (NSF and SSF) as an 
example.

The map drawn by Josef Naus (Fig. 5) in 1820 shows, that the “Plattach-
ferner”, with a surface area of about 300 hectares, still covered the entire 
karst plateau (“Platt”) of the Zugspitze massif. 

In the subsequent survey in 1875 (Fig. 6) there are already indications of 
an upcoming separation of the glacier that led to the formation of the 
Northern Schneeferner and the Southern Schneeferner in 1900 (a small 
eastern one already disappeared at an early stage).

Whereas during the 20th century the development of the glaciers was still 
very much governed by the feedback between surface mass balance (snow 
accumulation and snow/ice melt) and ice dynamics (transport of ice to-
wards the lower glacier regions), this situation very much changed at the 
beginning of the new millennium. During this period, the glaciers became 
so thin that ice transport became insignificant, while at the same time the 
anthropogenic induced climate change started to fully dominate the ice 
loss (Fig. 7).

In addition: Significant changes in the short wave and long wave radiation 
budget, in combination with other self-reinforcing factors, accelerate the 
process of deglaciation and will inevitably lead to the loss of the ice re-
serves in the Bavarian Alps.

Fig. 5: Survey of the Zugspitzplatt by Josef Naus (1820) Fig. 6: The “Plattachferner” glacier shortly before it split (1875)

Fig. 7: Average changes in height (mass 
loss) of Bavarian glaciers since the start 
of the periodic observations by the gla-
ciologists of BAdW in the middle of the 
20th century



16 Chapter 1

1
Expressed in numbers, this means that during the summer seasons the maximum ice thickness 
of the Northern Schneeferner (NSF), which was still 45 m in 2006, will continuously decrease, 
with average annual ice loss rates of up to 3 m in recent decades.

It is therefore expected that the Northern Snow Glacier will be completely melted in 5 to 10 
years (Fig. 8), while the “Southern Snow Glacier (SSF)” is already in the final stage of decay 
(Marowsky 2010).

The results above indicate that in the field of glacier and climate research, striking findings have 
indeed been made. The verdict on which of the many hypotheses will hold up in the long term, 
however, requires further long-term research at the highest level.

A great deal more data from longer series of measurements and more precise methods are 
needed to fill the gaps from the past, to clarify feedback effects and to reduce some still signif-
icant error bars from proxy data and theoretical considerations.

Due to its location and infrastructure, but also due to its international networking, the Schneef-
ernerhaus Environmental Research Station is an excellent location to make valuable contribu-
tions to this together with the glaciologists* of BAdW and TUM.

1.4 The “Munich House” (“Münchner Haus”)

While the development of the Zugspitze region at the beginning of the 19th century was mainly 
due to official requirements and curiosity about the largely unknown high-altitude landscape, 
over the years a lively interest in new experiences of nature and the associated sporting chal-
lenges developed.

This went hand-in-hand with a growing desire to collect scientific data – particularly concerning 
the weather – and a boom in high-altitude tourism. Ultimately, this increase inhuman activity 
caused a significant impact on the hitherto untouched natural environment.

A clear sign of this was the founding of the “Deutscher Alpenverein” (“German Alpine Club”) 
and the “Verschönerungsverein Garmisch” (“Beautification Society of Garmisch”) – both in 
1869. The number of visiting members really took off after the arrival of the railway in 1889, 
which reduced the journey time from Munich to Garmisch from 10 to 3 hours. In 1883 a “lock-
able hut” with room for 12 persons was erected without much ado by the Munich section of 
the Alpine Club just beneath the western summit of the Zugspitze, the name having been 
changed from “Zugspitz” to the female noun “Zugspitze” in 1836.

On the other hand, there was considerable resistance to the construction of the “Münchner 
Haus” directly on the summit before permission was finally granted in 1886.

Some alpinists from the Munich section of the Alpine club still demanded at the general meet-
ing in 1895: “... if you can’t reach the summit without a hostel, you should stay at home!”. The 
Austrian alpinist and writer Eugen Guido Lammer, an early pioneer of adventure mountaineer-
ing, is quoted as saying: “ ... callous fools who now want to violently destroy this last asylum 

of wild nature, ...” .

Fig. 8: Predicted mass loss of the “Northern Schneeferner (NSF)” (BAdW 2021)
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Before the inauguration ceremony could take place on 19 September 1897 at an altitude of 
2,959 m above sea level, a construction site of some 200 m2 had to be blasted open, construc-
tion work lasting two summers had to be completed and 21 km of telephone wires as well as 
5.5 km of lightning conductors had to be laid.

The addition of a 9 m high, 4 × 4 m wide tower on the western end of the building was of major 
scientific significance. This housed a meteorological station, which had been pushed for by the 
German and Austrian Alpine Clubs and was designed by Kommerzienrat (councillor of com-
merce) Adolf Wenz, the ambitious officer responsible for the Wetterstein mountain range 
(Fig. 9).

Handed over to the state administration as “Royal Bavarian Meteorological High Altitude Sta-
tion Zugspitze” on 19 July 1900, this meteorological observatory has been a department of the 
German Meteorological Office (“Deutscher Wetterdienst” (DWD)) since 1952. The first meteor-
ologist stationed on the Zugspitze was Josef Enzensberger, who went on to become famous as 
an Antarctic researcher. He was also the first to spend the winter alone on the mountain 
(7 months) in 1900/1901.

1.5  Development of the Zugspitze summit for the 
general public

Parallel to the scientific development, the Zugspitze gradually became a popular destination 
and center for winter sports activities. This was accompanied by a trans-regional discussion 
about the limits of tourism development, with the Bavarian and Austrian sides competing for 
visitors and guests from all over the world, as they are still doing today. Clearly inspired by the 
successful construction of a railway on the Swiss Jungfraujoch, which was built from 1896 to 
1912, reaching an altitude of 3,454 m over sea level, the idea grew also the Zugspitze make 
accessible to non-experienced mountain hikers. However, the Prinz Regent Luitpold von Bayern 
rejected a license application for development of a cogwheel railway in 1899, citing a “non-ex-

istent transport need”.

In the meantime, the Austrian Josef Cathrein, who was living in Munich, developed the concept 
of a Cable Car starting at the Eibsee and extending up to the summit on the North side of the 
Zugspitze.

Fig. 9: Oil painting ”Zugspitze mit Münchner Haus” by Ernst Platz (1899) 
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It is interesting to note that it was not until 1962 that this concept was actually implemented as 
the “Eibsee Cable Car”. And in 2017, the new “Cable Car Zugspitze” was even built in its place 
(see chapter 06). In 2017 the new “Cable Car Zugspitze” was even built in its place. Cathrein 
was not going to give up, and soon presented his new proposal for a cogwheel railway on the 
south side of the Zugspitze, for which he received a permit in 1914. The project failed again, 
however, in 1925 and in 1927 due to lack of funding.

In 1928 a German consortium was more successful when it filed an application for the construc-
tion of a “mixed adhesion and rack railway” which was to run the entire stretch from Garmisch 
to the summit. After receiving the permit on 18th June 1928 the joint enterprise “Bayerische 
Zugspitzbahn AG” was founded.

The documents show that in 1924 the General Assembly of the German and Austrian Alpine 
Association still unanimously rejected such a project (“... an attack upon the natural serenity of 

the mountains, … a sin against nature, … no public demand”).

It was therefore a huge surprise that, on 5 July 1926, in a seemingly “clandestine operation” 
and after a construction period of just 14 months, the “Austrian Zugspitze Cable Car” opened 
on the Tyrolean side of the mountain. In contrast to the subsequent, technically optimized cable 
cars, it extended from the small town of Ehrwald (“only”) up to an altitude of just 2,805 m. It 
ended 160 m beneath the western summit at what was once the “Kammhotel” (“Ridge Hotel”).

Anyone wanting a panoramic view from the summit had to embark on a difficult hike. Secured 
with a rope, the tourist was led to the summit by a mountain guide. The annals further report 
that this resulted in a serious feud between the Tyrolean and the Bavarian mountain guides 
because they fought over the guests and could not agree on uniform rules.

Regarding the history of the Schneefernerhaus, (see chapter 06) it is important to realize that 
this was the reason for the decision to excavate a pedestrian tunnel from the upper station of 
the “Austrian Zugspitze Cable Car” (“Zugspitzkamm”) to the Zugspitze plateau (“Zugspitzplatt”) 
on the Bavarian side. This project was, however, temporary stopped “half-way” at the so-called 
Zugspitzeck, due to objections from the Bavarians.

It did not get going again until 1937. This was the year in which the two railway companies 
merged as a result of shares of the Austrian Zugspitzbahn being sold to the Bavarian Zugspitz-
bahn AG. And it was the year in which construction of the cogwheel railway – approved in 1928 
– was completed on the Bavarian side.

It remained clear that the Schneefernerhaus (among other things) should continue to serve 
both as a hotel and as the terminus for the (Tyrolean) Cable Car. Therefore, the somewhat out-
dated pedestrian tunnel was extended 720 meters into the hotel building. (Which, incidentally, 
also ended the aforementioned mountain guide dispute.) Between the former “Kammhotel” 
and the “Hotel Schneefernerhaus”, an underground border crossing with panoramic windows 
was thus created for tourists. Although this tunnel is no longer needed today, it is still an at-
tractive sight for today’s visitors to the UFS research station.

Information about the alpine history in this period can also be found in the literature given 
below (BZB 2020/01, Hiebeler 1979, Schott 1987, Ritschel 2000).

1.6 The Hotel Schneefernerhaus (1930–1992)

The period around the turn of the year 1929/1930 was a complicated structural interplay for the 
Zugspitze summit between the construction of the cogwheel railway on the one side and the 
Schneefernerhaus Hotel on the other.

The hotel building was already the highest hotel in Germany at that time (2,650 m above sea 
level, about 300 m below the summit). It was envisaged from the outset that it would serve 
both as the terminus of the cogwheel railway and as the valley station of a separate summit 
railroad. Construction began in the fall of 1929, was completed on December 24, 1930, and 
officially opened as a hotel on January 20, 1931.

Because the Cogwheel railway project was to be completed by the time of the Passion Play in 
Oberammergau in 1930, only two years remained for its realization. Construction began under 
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great time pressure as early as the fall of 1928 and was inaugurated on July 8, 1930. The tech-
nically most difficult part of the work was the construction of the tunnel inside the mountain 
massif, which has a length of 4,453 m with a height difference of 1,010 m (Fig. 10). A master-
piece of engineering that is still recognized today.

The journals report a particularly severe winter and accidents that unfortunately claimed 10 lives. 
In order to complete the construction in the planned time despite some interruptions, the tunnel 
was excavated by up to 2,500 workers simultaneously, at five different 
openings and also from above and below at the same time (Fig. 11 and 12). 
In total, 2,500 workers moved 85,000 cubic meters of earth and 160,000 
cubic meters of rock. They used almost 200 tonnes of explosives to do so.

The final breakthrough took place on February 8, 1930 and showed a devi-
ation from the planned projections of only 5 cm in width and 8 cm in 
height. “Men make meters” – this was the slogan in the local newspapers 
and the concept under which the project was successfully completed. The 
project cost 20 million Reichsmarks. (BZB 2020/01)

However, the hotel was not yet finished when the cogwheel railway, on 
July 8, 1930, was opened in its turn. Therefore, in 39 days (!) of all haste, 
an additional wooden building was erected by a specialized Saxon firm 
(Christoph & Unmack AG, Niesky) as a temporary solution. It could accom-
modate 400 day guests, but initially offered no overnight accommodations.

It should be noted that after the opening of the “Hotel Schneefernerhaus”, 
the wooden building was rebuilt to offer simple rooms for tourists, but it 
was also planned to replace it with a stone building. However, this did not 
happen. The wooden tourist hostel was severely damaged in an avalanche 
in 1965 and subsequently demolished (Fig.10 and 14)

With the opening of the “Hotel Schneefernerhaus” and the connected Ca-
ble car, the summit of the Zugspitze was now accessible to tourists (Fig. 14 
and 15). Guests came in droves and rode comfortably inside the mountain 
to the top station of the railroad at an altitude of 2,650 m (Fig. 16), which is 
still accessible today.

Germany’s highest hotel was originally designed as a luxury hotel, offering 
guests from all over the world a unique destination with extravagant at-
tractions, including an exposed sun terrace with a unique mountain pano-
rama. It was also a major attraction during the 1936 Winter Olympics, held 
in the twin town of Garmisch-Partenkirchen, which had merged only a year 
earlier. It was also a popular destination during the 1975 World Ski Cham-
pionships (Fig. 15, 16 and 17).

Fig. 10: Tunnel course of the planned 
cogwheel railway in the interior of the 
Zugspitze 

Fig. 11: Wooden shuttering in the tunnel 
during construction in 1929 

Fig. 12: Workers during excavation 
work on the Zugspitze tunnel for the 
planned cogwheel railway

Fig.13: Hotel poster to attract ski tour-
ists. In the background the “Hotel 
Schnee fernerhaus” with the wooden 
tourist hostel around 1930/1936
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Seized by the Americans at the end of World War II, the Schneefernerhaus was returned to its 
owners in the early 1950s. The following decades saw an extensive expansion of the ski lift 
infrastructure, from which the hotel initially benefited after its reopening on December 13, 1952. 

In 1950, ski lifts and a small cable car (“alte Hangbahn”) provided access 
to Schneefernerhaus; in 1954, the lift was equipped with modern light-
weight cars that shortened the travel time up the mountain, and a new 
terrace café provided more comfort for day guests, who were able to reach 
Schneefernerhaus via the new “Eibseebahn”(“Eibsee Cable Car”) from 
1962. Skiing had now also become a popular sport for day guests.

The hotel then suffered a major setback on May 15, 1965, when the Sun 
Terrace was hit by a devastating avalanche that claimed ten lives and in-
jured 24 people. As a result, extensive avalanche protection facilities were 
built. The event led to the introduction of a state avalanche warning service 
and the formation of local avalanche commissions. Substantial invest-
ments were required for avalanche barriers, for the construction of a sin-
gle-track cable car between Schneefernerhaus and Zugspitzplatt (1978, 
“new slope cable car”), for further remodeling and expansion work inside 
the hotel, etc.

A notable event near the Schneefernerhaus was the consecration of the 
chapel “Mariä Heimsuchung” on the Zugspitzplatt (Fig.18) on October 11, 
1981 by Joseph Cardinal Ratzinger, Pope Benedict XVI, who in the mean-
time was emiritated on February 28, 2013. The chapel is the highest place 
of worship in Germany. It is dedicated to all mountaineers and also bears 
a memorial plaque for the victims of the avalanche of 1965.

Regardless of this, winter tourism remained popular in the Zugspitze re-
gion, but at the end of the 1980s this necessitated a better infrastructure, 
in order to get the many skiers and tourists to the Zugspitzplatt more quick-
ly and comfortably without the detour via Schneefernerhaus. As a solution, 
it was decided in 1985 to build an additional 975-meter tunnel branching 
off from the existing tunnel tube of the cogwheel railway and leading di-
rectly to the Zugspitz plateau. Today, this branch is known as the “Rosi- 
Tunnel,” named after its namesake, local Olympic champion Rosi Mitter-
maier-Neureuther. It was completed on March 6, 1987.

Since then, the new tourist terminus of the cogwheel railway is the 
“SonnAlpin”. At 2,521 m above sea level, the “SonnAlpin” is both the ter-
minus of the cogwheel railway and the “Gletscherbahn”. A restaurant com-
plex is also attached. The “Gletscherbahn” runs between the Zugspitze 
plateau and the Zugspitze summit and has a transport capacity of 1,000 
people per hour since its renovation in 1992.

However, the highlight of the expansion of the tourist infrastructure on the 
Zugspitze by the „Bayerische Zugspitzbahn Bergbahn AG (BZB)” is the 
northern connection between the Eibsee valley station and the Zugspitze 
summit. Here, the old cable car was replaced by a sensational new cable 
car (from 998 m to 2,944 m above sea level).

This new “Cable Car Zugspitze” offers space for 120 people per cabin and 
has a travel time of only 10 minutes. It can thus transport 580 people per 
hour in both directions. The spectacular structure at an altitude of almost 
3,000 meters has caused a worldwide sensation not only with its enormous 
transport capacity, but also with three structural world records.

Built between 2015 and 2017 on Germany’s highest mountain, this cable 
car has two floor-to-ceiling glazed cabins for 120 people each and provides 
a grandiose panoramic experience with maximum comfort. Visitors to Zug-
spitze cross the 127-meter steel pylon, the highest for a reversible aerial 
tramway in the world, they overcome the world’s largest total height dif-
ference of 1,945 meters in one section and they expe-rience the longest 
free span in the world at 3,213 meters. (BZB 2019/01)

Fig.14: “Schneefernerhaus Station” at 
2,650 m above sea level inside the ho-
tel (2021).

Fig. 15: Dining room in Hotel Schnee-
fernerhaus around 1936

Fig. 16: Ski tourists during the ascent to 
the Hotel around 1934

Fig. 17: Sun terrace of the Schneefer-
nerhaus hotel around 1936
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Fig. 18: View from the Schneefernerhaus onto the Zugspitzplatt with the chapel “Mariä Heimsuchung” 
(“Visitation of the Virgin Mary”)

Fig. 19: Construction site of the new summit station for BZB’s 
“Seilbahn Zugspitze” (“Cable Car Zugspitze”)

Fig. 20: Cabin of the new “Cable car Zugspitze”, as connection 
between the “Eibsee Station” and the summit on the north 
side of the mountain

For the Schneefernerhaus Research Station (UFS), the development of traffic in the Zugspitze 
region has important consequences. Since Schneefernerhaus has had its own cable car (“Re-
search Cable Car”) since 2009 (see chapter 09), the research station can now be reached from 
the valley via three different routes:

1.  “Southern route”: the scientists and visitors travel from Grainau/Eibsee with the regular 
service of the cogwheel railway through the “Rosi-Tunnel” to the “SonnAlpin” station and 
from there in a second step with their own “Research Cable Car” to the UFS building.

2.  “Northern route”: Scientists and visitors use the scheduled service of the (new) “Cable Car 
Zugspitze” from the Eibsee station to the summit, then take the “Gletscherbahn” down to 
the “SonnAlpin“ station in a second step, and from there take the UFS’s own “Research 
Cable Car” to the UFS building.

3.  “VIP route”: On special occasions or for guests of honor, the BZB can arrange special trips 
with the cogwheel railway, which then (as in the past) lead on the originally route directly 
into the interior of the UFS building and stop at the still preserved platform of the original 
Schneefernerhaus station (see Fig. 14)

Note: This demand-driven third access is of particular importance for the high alpine research 
station because it allows large loads and heavy measuring equipment to be transported to the 
UFS laboratories and UFS measuring terraces regardless of the weather. This unique selling 
point distinguishes the UFS from other high alpine research stations in Europe.
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1.7 From hotel to research station 

But how did it come about that the “Hotel Schneefernerhaus” could become a research station 
at all? 

As described in the previous chapter, alpine ski tourism experienced a dramatic upswing, es- 
pecially in the second half of the 20th century, from which the Zuspitz region also profited 
considerably.The expansion of ski slopes, cable cars, hotels and restaurants was the result. At 
the same time, however, the competitive situation throughout the Alps intensified. The best 
possible comfort was in demand. 

Parallel to this, however, the “Hotel Schneefernerhaus” lost more and more of its success with 
the public, so that in 1990 first the hotel operation and in 1992 also the entire gastronomy was 
discontinued. In addition – as described – the cogwheel railway access to the Schneefernerhaus 
was closed for tourism after 62 years. The Bayerische Zugspitzbahn Bergbahn AG, which still 
owned the building (and still does), immediately raised the question of a sensible and prefer-
ably future-proof subsequent use. 

At the suggestion of scientists from the “Fraunhofer Institute for Atmospheric Environmental 
Research” in Garmisch-Partenkirchen (later “IMK-IFU Institute”), the Bavarian Ministry of Eco-
nomic Affairs and Traffic began converting the hotel building in 1993 so that the first research 
organizations could rent space there. 

According to later considerations, it was considered in different variants to merge the Schnee-
fernerhaus with the IMK-IFU Institute (today’s “KIT-Campus Alpin”) and to link it organization-
ally to the Karlsruhe Research Center (today’s “Karlsruhe Institute of Technology / KIT”). It would 
thus have become a member of the Helmholtz Association. However, all such concepts ulti-
mately failed the question of financing and the limited ability of non-governmental research 
institutions to bear the considerable risks inevitably associated with the operation of an alpine 
a high-altitude research station.

For the Free State of Bavaria and the Federal Republic of Germany, the opportunity arose to 
realize a concept that had been discussed for a long time: “The establishment of a center for 

environmental research and climate observation that is unique in Europe and the world”. So 
said the then Bavarian State Minister for Economic Affairs and Traffic at the opening ceremony 
on May 12th 1999. An initial investment of round 8 million Euros was made. The minister em-
phasized that despite the proximity to tourist facilities, the size of the building, the year-round 
accessibility for people and heavy equipment, and the possibility of setting up further test 
platforms on neighboring peaks represented a unique combination of features. In addition, the 
Schneefernerhaus as a high-altitude research station closes an important gap in the scientific 
infrastructure in Germany.

1.8  Organisational structure of the “Virtual 
Institute UFS”

In order to do justice to the growing importance of a sustainable climate policy, the Bavarian 
Council of Ministers decided on 08.08.2005 to bundle the competences for climate research and 
climate policy more strongly. For this purpose, the responsibility for the Schneefernerhaus 
Environmental Research Station was transferred to the “Bavarian State Ministry for the Envi-
ronment, Public Health and Consumer Protection (StMUGV, today StMUV)” – the first environ-
mental ministry in the world, founded on December 8, 1970.

After the Bavarian Council of Ministers had decided on 08.08.2005 to bundle the competences 
and expertise for climate research and climate policy more strongly, the responsibility for the 
Schneefernerhaus Environmental Research Station was transferred on 07.11.2006 to the “Bavar-
ian State Ministry for the Environment, Public Health and Consumer Protection (StMUGV, today 
StMUV)”, the world’s first Ministry for the Environment (founded on 08.12.1970).
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This mandate included the task of submitting a concept proposal for a comprehensive organ-
izational, scientific and personnel realignment of the station by the end of 2007. In response, 
the Council of Ministers, in a legendary meeting held in the “Gletscherstube” of the Schnee-
fernerhaus on April 24, 2007 (Fig.30), adopted a fundamentally new concept for the future or-
ganizational structure, for funding and for a timely scientific strategy of Germany’s highest 
research station, and at the same time issued the negotiating mandate for its implementation.

The first high-profile event of this reorientation was the signing of a consortium agreement on 
July 16, 2007, in which initially four renowned research organizations agreed with the Free State 
of Bavaria on the conditions for cooperating in the long term within the framework of a “Vir-

tual Institute – Environmental Research Station Schneefernerhaus / Zugspitze UFS)”. Comple-
menting this, in the same year the Council of Ministers decided on a “Climate Program for 
Bavaria 2020”, which already included concrete infrastructure measures for the UFS.

In § 01 of the UFS Consortium Agreement, the future task of the UFS was defined as follows: 
“The purpose of the consortium agreement is to establish a Virtual Institute at the UFS and to 

develop it into an internationally networked center of excellence for altitude and climate re-

search, focusing in particular on the development, demonstration, and operation of innovative 

technologies in the context of climate and atmospheric research, satellite data validation, and 

altitude medical early detection of natural hazards.”

In addition, the contract contains the necessary specifications for the operation of the station, 
the conditions for its use, its financing, and information on the rights and obligations of the 
steering and control bodies.

First signatories of this scientific cooperation were the following world-renowned research 
organisations (current names of the organisations):
• Deutsches Zentrum für Luft- und Raumfahrt (DLR) / (German Aerospace Center), Köln and 

Oberpfaffenhofen;
• Deutscher Wetterdienst (DWD) / (German Meteorological Office), Offenbach, including the 

Meteorologisches Observatorium Hohenpeißenberg / (Meteorological Observatory Hohen-

peissenberg); Karlsruher Institut für Technologie (KIT) / (Karlsruhe Institute for Technology);
• Deutsches Forschungszentrum für Gesundheit und Umwelt (HMGU) / Helmholtz-Zentrum 

München / (Helmholtz Center Munich);
• Umweltbundesamt Dessau-Roßlau (UBA) / (Federal Environment Agency), including Sonnen-

observatorium Schauinsland (SBO) / Leibniz-Institut für Sonnenphysik, Freiburg / (Sun Ob-

servatory Schauinsland);

The initiator of the agreement:
• Freistaat Bayern / (Free State of Bavaria), represented by the Bayerisches Staatsministerium 

für Umwelt und Verbraucherschutz (StMUV) / (Bavarian State Ministry of the Environment 

and Consumer Protection) with its specialised departments, including the Bayerisches Lan-
des amt für Umwelt (LfU) / (Bavarian Environment Agency, Augsburg.

Other cooperation partners that joined in the following years were:
• 2007 the Technische Universität München (TUM) / (Technical University of Munich), 
• 2008 the Ludwig-Maximilians-Universität München (LMU) / (Ludwig-Maximilian University 

of Munich),

• 2009 the Universität Augsburg (UAU) / (University of Augsburg) as well as
• 2009 the Max-Planck-Gesellschaft zur Förderung der Wissenschaften (MPG), München / (Max 

Planck Society for the Advancement of Science).

All research partners agreed from the outset that the ambitious goal set out in the consortium 
agreement could only be achieved on the basis of a performance-oriented partnership and with 
an effective and efficient organization.

The following objectives were defined as guiding principles for the new concept:
• All research institutions in Germany or in the area of the Alps should be given to get uncom-

plicated access to the UFS if they need the environmental conditions of the high mountains 
for their scientific work.

• As far as possible, the organization should pursue a cooperative approach, i. e. interdiscipli-
nary, with different methods and internationally networked.
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• On the one hand, internal UFS cooperation should be supported in the best possible way, on 
the other hand, each partner should be able to decide for itself whether and in which form it 
would like to participate in a UFS project.

• The organisation is to foster on a cooperation approach as far as possible, i. e. interdiscipli-
nary, using different methods and internationally networked.

• On the one hand, UFS-internal cooperation should be given the best possible support, on the 
other hand, each partner should be allowed to decide whether and in which form it wishes 
to participate in a UFS project.

• A common data pool should be created that enables rapid exchange of data on the basis of 
common rules, regardless of location, allows.

• The service staff (staff) should provide neutral support to all UFS members and organize all 
operations with a minimum of bureaucracy.

The organisation chart given in Fig. 22 was developed on the basis of these guiding principles 
(compare www.schneefernerhaus.de). It is also in line with the proven administration model 
for large scientific equipment.

Fig. 21: Logos of the participating UFS research partners (status: May 2021)

Fig. 22: Organisation chart with UFS-Consortium Board and UFS-Science Team (status: February 2022)
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The there in accomplished distribution of tasks has proven its worth:

1.  Die UFS is, in legal terms, a so called “internal company”. The operation, infrastructure, visitor 
service and public relations work of the UFS are warranted through the operating company 
“Betriebsgesellschaft UFS GmbH“ (Operating Company UFS Limited). This company is a 
neutral service partner for all scientists, visitors and guests alike. Obligations for the opera-
tion of the station shall only be undertaken by this operating company. To minimise costs it 
is (currently) supported by the company “bifa-Umweltinstitut GmbH, Augsburg” (bifa-Envi-

ronmental Institut Limited), within the framework of an agency agreement .

2.   The “UFS-Gesellschafterversammlung” (UFS shareholders’ assembly) includes the following 
members: the Free State of Bavaria (chair), the municipality and county of Garmisch-Parten-
kirchen as well as the municipality of Grainau. Its key task is the supervision and control of the 
UFS operating company. The Free State of Bavaria awards the UFS GmbH an annual allowance 
as institutional support that can be used for basic financial coverage and for infrastructural in-
vestments. Irrespective of this, the Free State of Bavaria or third parties may at any time introduce 
own research projects to the UFS-members or the UFS Operating Company, as required.

3.  On the basis of the UFS Consortium Agreement the associated research part ners go to the 
station with their research topics, with their teams and with their funds. Here they hire labs, 
measurement platforms or offices, as required, and pay a user fee that is primarily charged 
as a lump sum. This is based on an individual use agreement with the UFS Operating Com-
pany. Any exceptional requirements put to the infrastructure or services are charged for 
separately. In this way, the scientific teams remain associated with the delegating research 
institutions (thus Virtual Institute”).

4.  In addition to the UFS shareholders’s assembly there are two other democratically organised 
supervisory and control committees: the “UFS-Konsortialrat” (UFS-Consortium Board) and 
the Scientists organisation, the “UFS Science Team“:

On the Consortium Board each research partner is represented by a high-level delegate 
whose voting rights depend on the level of the annual use fees of the respective organisation. 
Long-term fundamental and strategy decisions are reserved for this body.
Particularly important decisions require a 75 % majority of the votes. The members of the 
Consortium Board elect a chairperson (external or internal) for a specific term of office. This 
chairperson has no voting right.
The Science Team advises the Consortium Board and is the “science brain” of the research sta-
tion. It is responsible for scientific quality, the smooth cooperation between the research groups, 
improvement suggestions regarding equipment facilities, the installation of external measure-
ment platforms, joint programme targets, technical sessions and international cooperation.
Other responsibilities are the development and supervision of the joint data storage centre 
(AlpEnDAC) and a joint report that is published every two years giving the scientific results 
of the Environmental Research Station UFS.The Science Team is made up of elected “speak-
ers” (compare item 5 and Fig. 23) who all have equal voting rights.
The body is chaired by the “Scientific Coordinator of the UFS”(Wissenschaftlicher Koordina-

tor der UFS) who is proposed by the Team members and elected for a term of office by the 
Consortium Board. He/she also attends its meetings as a permanent reporter and advisory 
member. Meetings of the Science Team are partly held as internal meetings (only the speak-
ers who are entitled to vote, and with the managing director of the operating company as 
guest) and partly as public meetings (where all scientists can attend). The scientific coordi-
nator has the right to veto resolutions of the Science Team, the issue is then decided on by 
the Consortium Board.

5.  As Fig. 22 shows, the UFS has eight key topic pillars, to which the Science Team assigns the 
research projects or new internal or external suggestions. At the Science Team meetings these 
projects are then subjected to a joint and interdisciplinary discussion among all scientific 
persons of the UFS community concerning their acceptance, implementation and results.
Beyond this, one or two researcher colleagues are elected as scientific mentors for each of 
the eight topic blocks, and serve as the respective “speaker” both internally and externally. 
They attend Science Team meetings as coordinating reporter, where they exercise their right 
to vote. Their coordinating activity represents the respective specialised field and is therefore 
independent of the partner organisation handling the individual project in question.
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1.9 Infrastructure expansion and safety

The extensive realignment of the Schneefernerhaus Environmental Research Station that com-
menced in 2007 had to cover both the remaining interior conversion and refurbishment work, 
as well as the essential safety precautions for researchers, operating personnel and guests. This 
concerned the workstations, the conference and accommodation facilities as well as the access 
and transport by an existing but technically obsolete cable car.

Criteria for the required investment were, in addition to safety, the ecological role model ex-
pected from governmental institutions, the implementation of an optimal research infrastruc-
ture and also the minimiation of operating costs.

The extreme and ever-changing environmental conditions at the Schnee-
fernerhaus frequently ruled out routine construction methods. These con-
ditions accelerate wear, demand technically more sophisticated solutions 
(rockfall, avalanche protection, heat recovery), make external services more 
expensive (access transport, helicopters) and, because they are so different 
to normal conditions, require extended approval procedures. On the other 
hand, many of the structural refurbishment measures or improvements to 
the equipment infrastructure were made easier due to the possibility of 
direct access to the UFS’ own railway station by means of the very efficient 
rack railway. This applied, in particular, in difficult weather conditions or 
when heavy loads had to be moved.

The following gives an account of some of the refurbishment and invest-
ment steps:

• 2007/2016 Preparation of an “Innovative energy and waste/sewage con-
cept” which included the installation of a 100 m2 solar panel façade, 110 
m3 fire-fighting water storage tanks as a buffer for heat storage, four heat 
pumps on propane gas basis, each with 20.44 KW capacity. This was 
supplemented in 2016 with an additional PV system with 4.8 kWh. All 
cooling systems were converted from CFC to propane gas. In 1996, be-
fore any of this took place, a 9.5 km sewage pipe from the Zugspitze 
summit and an 8 km long high-pressure drinking water pipeline from the 
Eibsee had already been built under extremely harsh conditions.

• 2007/2016/2020 Preparation of a new safety manual and preparation of 
a precautionary structural and organizational concept for eliminating the 
impact of the low-level radon-emissions from the bedrock.

• 2007/2008 Preparation of an avalanche protection concept by the “Swiss 
Federal Institute for Snow and Avalanche Research” in Davos for both 
the Schneefernerhaus and the planned new access “Research Cable Car.”
2008 Building authority approval and construction of the entire “Inte-
grated Rockfall and Avalanche Protection System”. The safety concept 
implemented was in response to the three avalanches that occurred in 
1965, 2002 and 2008 had become imperative. It was “put to the test” in 
2019 and has proven to be very effective.

• 2007 Installation of a long-term permafrost monitoring system in two 
new boreholes drilled beneath the Zugspitze summit at an altitude of 
2.930 m, measuring 44 m and 58 m in length (125 mm diameter), carried 
out by the Bavarian Environment Agency on behalf of the Bavarian Min-
istry of the Environment (Fig. 24).

• 2008/2009 Approval for the construction and operation of the new “Re-
search Cable Car” in accordance with Art. 21 BayESG (Bavarian Railway 
and Cable Car Act), planning permission and commencement of the con-
struction of the lower and upper stations for the new cable car as well as 
approval for continued use of an access cable car in accordance with 
Article 33 BayESG for the Bayerische Zugspitzbahn Bergbahn AG (BZB).

Fig. 23: View of the construction site for 
the integrated rockfall and avalanche 
protection system for the high-altitude 
research station UFS (see also Fig. 25)

Fig. 24: Permafrost measuring system, 
installed in the remaining summit tun-
nel between the UFS and the former 
terminus of the “Austrian Zugspitze 
 Cable Car”

Fig. 25: New “Research Cable Car” for 
access from the  Zugspitzplatt to the 
UFS building with the summit in the 
 background
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2009 Official inauguration and commissioning of the new “Research Ca-
ble Car” having the following specifications: 326 m in length, 65 m dif-
ference in elevation, cabin size for 8 persons or for EU-Standard pallets, 
transport capacity of 80 persons per hour (Fig. 25).

• 2009 Certificate of TÜV SÜD Life Service GmbH awarded for exemplary 
health and safety protection to the UFS Operating Company.

• 2010 Installation of a second, larger laser dome on the UFS roof for an 
extreme RAMAN- LIDAR for producing profiles of water vapour and tem-
perature in the atmosphere up to 24 km vertically (Fig. 26 and Fig. 27).

• 2011/2012 Energy-efficient refurbishment and provision of a canteen for 
the operating team and for conference guests (80 m2).

• 2012/2013 Commissioning of an electric snow blower (Specs: 375 kg, two 
rechargeable batteries, 400 Ah/29.7 V). Specially developed by the Insti-
tute of Automotive Technology of the TU Munich, to maintain the existing 
air quality.

• 2013/2018 Approval for renting the former ski-lift station “Schneefer ner-
kopf” as an external measuring platform (2.875 m above sea level), as 
well as commencement of the development of an IT link between the 
Schneefernerkopf and the Schneefernerhaus, with webcam and weather 
station (Fig. 28 and 29).

• 2013/2015/2017/2020 Refurbishment of the panoramic conference room 
“Gletscherstube” (56 m2)/(Fig. 30) and conversion and complete refur-
bishment of the Large Conference Room “Prof. Siegfried Specht” (144 m2/ 
(Fig. 31).
Completion of the refurbishment of the accommodation facilities, which 
now comprise 45 beds in 15 rooms.

• 2015/2016 First field tests with drones (UAVs) for air quality measure-
ments within the framework of a feasibility study.

• 2016/2017 Installation of ultrasonic anemometers and high-speed cam-
eras mounted on a stainless steel-sled on the roof of the Schneeferner-
haus (2,700 m above sea level).
Experiments performed with this arrangement aim to provide long-term 
measurements in the turbulent boundary layer and on in-situ observa-
tions of passing rain (or ice-containing) clouds.

• 2017/2018 Master thesis on the topic “Development of a CO2-free energy 
system as stand-alone solution for a research station”.

• 2018 Realization of a new concept for an energy-saving renovation of the 
entrance and reception hall, as well as the entire lower conference area. 
In addition, there are initial considerations for setting up a small museum 
on the history of the Schneefernerhaus.

• 2020/2021 Three projects, among others, are being planned for the near 
future, although due to the current (2020/21) corona pandemic, precise 
implementation dates cannot yet be specified:

 − Energetic and safety-related renovation of the access terrace between 
the UFS-owned “Research Cable Car” mountain station and the interi-
or of the building. This project also requires a separate refurbishment 
of the surrounding rock walls;

 − Creation of a small external 360-degree measurement site (80 m2) on 
the “summit ridge” above the UFS Building, at a horizontal distance 
from the other buildings on the Zugspitze summit of about 300–400 m. 
In contrast to the measuring station on the measuring station on the 
Schneefernerkopf (Fig. 29), this facility offers easier access for research 
personnel.

Fig. 26: Installation of the large laser 
tower for the RAMAN- LIDAR on the 
roof platform of the UFS building (2010)

Fig. 27: Water vapour laser “DIAL- 
LASER“ in operation

Fig. 28: View from a UFS measurement 
platform to the “Schneefernerkopf” 
with a small measurement hut on top 
(see also Fig. 29)

Fig. 29: Measurement hut on top of the 
“Schneefernerkopf”, 2.875 m above sea 
level (see also Fig. 28)
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 − In order to meet the wide-ranging interests of the scientifically diverse 
research groups, both within and outside the UFS, and to make the 
recent progress in measurement technology available to them, the 
construction of an airfield for drones – or “UAVs” (“Unmanned Aerial 
Vehicle”) is being examined. This would be Germany’s highest take-off 
and landing site of this kind.
Even without the expansion plans described above, the Environmental 
Research Station Schneefernerhaus is already one of the largest and 
best-equipped high-altitude research stations (Fig. 33). It is a member 
of the most important supra-regional research organizations in the sec-
tors of weather, climate and the environment. (Bittner et. al. 2017/02)
Together with the Hohenpeißenberg observatory, it also has the status 
of a global station in the “Global Atmosphere Watch Programme 
(GAW)” of the “World Meteorological Organisation (WMO)”. For this 
purpose, twice a year, the UFS runs “Global Education and Training 
Center (GAWTEC)” courses for the next generation of measurement 
technology professionals worldwide. It is also part of the international 
NDACC program and cooperates with the “ICSU/WMO World Data 
Center for Remote Sensing of the Atmosphere (WDC-RSAT)”.

Some important characteristics of the existing infrastructure are listed be-
low:

• Year-round access and year-round transportation of heavy loads inde-
pendent of weather conditions (see chapter 07);

• 11 floors (nine storeys above ground and two storeys in the bedrock); 
• 5,000 m2 of usable space in total, for example:

 − 480 m2 outdoor experiment platforms;
 − 750 m2 laboratory and office space;
 − 82 m2 new entrance and reception hall with direct access from the 
conference area;

 − 80 m2 canteen for the operating team and conference guests;
 − 144 m2 “Large Conference Room Prof. Siegfried Specht” for 80–90 per-
sons;

 − 56 m2 panoramic conference room “Gletscherstube” for up to 25 per-
sons;

• Overnight facilities for 45 persons in 15 rooms;
• Special technical facilities, for example:

 − Emission-free concept and environmentally-friendly utility supply and 
disposal systems;

 − Ultra-pure water and liquid nitrogen available;
 − Electric, battery-powered snow-blower;

• High-speed internet connection to the Munich Scientific Network (oper-
ated by the “Leibniz Supercomputing Center (LRZ),” Garching, near Mu-
nich).

1.10  The new project “Virtual Alpine 
Observatory (VAO)” (www.vao.bayern.de)

1.10.1 Background
In 2016, after two years of discussion, an extension of the scientific UFS 
strategy was adopted, which provides for additional activities to further 
develop the UFS founding concept in the section “International Coopera-
tion and Networking”. (Bittner et. al. 2020/02)

The reason for this request was that since the 1990s at the latest, scientific 
findings from all areas of high mountain and climate research have been 
revealing the drastic consequences of global warming in the Alpine region 

Fig. 30: UFS Conference Room “Glet-
scherstube” with panoramic view

Fig. 31: UFS Large conference Room 
“Prof. Siegfried Specht”

Fig. 32: View of the UFS building and 
some measurement devices

Fig. 33: View from the Zugspitzplatt to 
the UF building with the rockfall and 
avalanche protection system
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and signaled very early on that the Alpine ecosystem is one of the most sensitive regions on 
earth.

This has been evidenced, for example, by glacier mass loss, retreating permafrost, an increase 
in extreme weather, the shift in elevation of tree lines, longer growing seasons, an increase in 
geological hazards, and – most strikingly – a temperature increase of + 2° C that is almost twice 
as high as in other regions of Europe.

Both “intrinsic” (i. e., natural) forcings of the climate system and “extrinsic” influences (e. g., 
solar radiation) are responsible for these threatening changes in all areas of the alpine Earth 
system. In addition, significant “anthropogenic” forcings, i. e. consequences of human activi-
ties, contribute quite substantially.

Issues of this kind are not only of scientific interest. The Alpine region, with its eight neighbor-
ing countries and around 14 million inhabitants, forms an important economic area in the heart 
of Europe. It is therefore necessary to quickly clarify the extent to which the effects of climate 
change pose a threat to the human habitat and nature. Far-reaching impacts on the economy, 
transport, human health and irreversible losses in biodiversity are to be expected.

Joint efforts are therefore essential to understand and monitor climate change and its impacts 
faster than before. On the basis of reliable results for the particularly sensitive Alpine region 
(or comparable high-mountain regions), forecasts must be made rapidly in order to be able to 
predict more quickly the effects of global warming on the bio- and geosphere, in particular on 
biodiversity, on weather systems, on human health, and on the economy and transport.

In alpine climate research, it was therefore recognized early on that research data should in-
creasingly be collected in projects coordinated by the division of labor and according to uniform 
quality criteria. This would enable a faster cross-border exchange of data and lead to an accel-
erated gain of knowledge for all. In addition, the Alpine region could thus become a model case 
for other high mountain regions internationally.

In other words, it was recognized that the scientific monitoring of global warming in the Alpine 
region requires a transnational and interdisciplinary approach, given the scale and urgency of 
the task. Consequently, this complex problem was taken up about 10 years ago in a holistical-
ly networked project that led to a founding initiative primarily focused on the Alpine region, 
which began in the UFS. The following is therefore intended to report on it at this point.

1.10.2 On the beginnings of the “VAO” project
In 2012, the Scientific Coordinator of the UFS, Professor Michael Bittner, submitted a possible 
solution to the UFS-Science Team and the UFS-Consortium Council.

Based on the good experiences with the organizational model “Virtual Institute”, he proposed 
the foundation of an analogously organized research network, which would initially address 
the existing Alpine observatories on a cross-border basis. The goal and mission of this “Virtual 
Alpine Observatory (VAO)” should be to create a voluntary network in the European Alps with 
the existing observatories, research institutions, data archives and supercomputing centers. 
Integrated into a networked infrastructure and, if possible, research topics coordinated on a 
division of labor basis.

Following a UFS-internal preparation phase that was supported by the Free State of Bavaria, 
the “Virtual Alpine Observatory (VAO)” was officially launched in the Schneefernerhaus on 20th 
of September 2013 by the Bavarian State Minister of the Environment, Health and Consumer 
Protection. The founding motto, which is still adhered to today was: “Scientific cooperation – 

joining forces instead of duplicating efforts”. Founding members were, besides the UFS, repre-
sentatives of the stations “Jungfraujoch & Gornergrad (HFSJG)” / Switzerland, ”Sonnblick 
Observatorium” / Austria and „EURAC-LT(S)ER site Macia/Matsch“ / Italy.

The VAO has, in the meantime, become well established and the number of cooperation part-
ners has expanded significantly. Fig. 34 and Fig. 35 show the list of participating observatories 
and associated partners (status: May 2021).
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In addition to the research institutions, the countries bordering the Alps have also supported 
the VAO project within the framework of the “European Alpine Convention” (European Conven-
tion on the Protection of the Alps of 1995) and the “EU Alpine Strategy” (“EUSALP”). In the 
provisional minutes of the decision of the 58th meeting of the Standing Committee of the Alpine 
Conference, Bolzano, 12–13 March 2015, it says in this regard under item B4a (freely translated):

“The Standing Committee ...

1. ... ,

2.  notes that, against the background of progressive climate change and in view of and in ac-

cordance with the “Action Plan on Climate Change in the Alps”, increased cooperation be-

tween the Contracting Parties in the field of climate observation is necessary,

3.  supports the intention of the High-Altitude Research Stations of Germany, France, Italy, Swit-

zerland and Slovenia to deepen the already initiated cooperation for a Virtual Alpine Obser-

vatory and welcomes the intention to develop it into a center of climate and environmental 

research in the Alps,

List of participating observatories and institutions:

Country: VAO research stations/institutions Altitude:

Germany Environmental Research Station Schneefernerhaus (UFS) 2.650 m

Schauinsland Observatory 1.284 m

Hohenpeißenberg Observatory 975 m

France Observatoire de Haute-Provence 650 m

Station Alpine Joseph Fourier, Lautaret-Pass 2.058 m

Vallot Observatory, Mont Blanc 4.362 m

Italy Sentinel Alpine Observatory, Ritten 2.260 m

Eurac-LT(S)ER site Macia/Matsch 2.700 m

Austria Sonnblick Observatory 3.106 m

Switzerland High Altitude Research Station Jungfraujoch (HFSJG) 3.580 m

High Altitude Research Station Gornergrat (HFSJG) 3.135 m

Slovenia Otlica Observatory 945 m

Supporting research infrastructures:

Germany Leibniz Supercomputing Centre (LRZ), Garching

World Data Centre for Remote Sensing of the Atmosphere (WDC-RSAT), 
Oberpfaffenhofen

France Observatoire des Sciences de l’Univers de Grenoble (OSUG)

Italy European Academy of Bolzano (EURAC Research) 

Country: Associated VAO-Partners Altitude:

Georgia Abastumani Astrophysical Observatory 1.700 m

Norway Alomar Observatory 380 m

Bulgaria BEO Moussala 2.925 m

Supporting research infrastructures: 

Czech Institute of Atmospheric Physics, Prague

Observer

European Space Agency (ESA)
Alpine Convention 

Fig. 34: Participating observatories and institutions of the VAO (status: May 2021)
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4.  invites the Contracting States within the scope of their possibilities to ensure that future 

collaborations between the partners of the Virtual Alpine Observatory are supported by EU 

funding programs, in particular “HORIZON 2020”,

5.  invites the Permanent Secretariat, in cooperation with the observatories participating in the 

Virtual Alpine Observatory, to identify possible interfaces with the Alpine Observation and In-

formation System, thereby contributing to the governance of the Virtual Alpine Observatory and 

to the dissemination of relevant scientific knowledge gained in the Virtual Alpine Observatory,

6.  invites the Contracting Parties to consider the possibility of integrating the Virtual Alpine 

Observatory into their national climate policies and taking into account its research results 

in the further development of EU climate and energy policies, ...”

1.10.3 About the “VAO” project itself
With the establishment of the “Virtual Alpine Observatory”, some further essential goals were 
achieved (VAO 2020):

• VAO serves to give coherence – where appropriate – to the various research efforts and pro-
grams undertaken by the VAO partner organizations or within their infrastructures to try to 
maximize the scientific benefits. As an example, VAO gives the scientific community the 
flexibility to conduct highly specialized field measurements in very diverse scientific areas, 
through coordinated simultaneous campaigns at different sites, and also promotes an inter-
disciplinary approach, in order to more effectively address specific scientific questions.

Fig. 35: Cartographic assignment of the VAO partners
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• VAO further supports such activities by granting access to additional resources (additional 

data and information, computing power, numerical models, analysis tools etc.). Consequent-
ly, VAO helps to improve the understanding of the environment of the environment and thus 
contributes to the development of a consolidated basic knowledge. This can also help the 
(political) decision-makers to sustainably political) decision-makers to balance economic, 
social and environmental interests in a sustainable way (see Fig. 37). In fact, the VAO is al-
ready part of the “European Alpine Convention” and the EU’s Alpine Strategy (see above).

• VAO brings together existing infrastructures (observatories, data centers, and high-perfor-
mance computing centers), scientists, engineers, medical experts and technicians from vari-
ous disciplines and facilities (universities, major research institutions and public authorities). 
This creates a synergy – a synergy from which results and new results can be achieved at ever 
shorter intervals and with comparatively little and with comparatively little effort, and new 
results can be achieved in ever time intervals and with comparatively fewer resources. “It is 
obvious, networking these capacities a higher result than just the sum of the individual parts”.

• The cross-link to well-established WMO/ICSU World Data Centers and other data repositories 
(e. g., other data archives, the COPERNICUS Atmospheric Service CAMS) provides the felici-
tatesscientific communities with a standardized (based on state-of-the-art Information Tech-
nology) access to additional data, information and services, for example, from satellite-based 
measurements (e. g. EU-COPERNICUS, other ESA-satellites) or rom other ground-based ob-
servational networks (e. g.Long-Term Ecosystem Research network (LTER). The cross-link to 
supercomputing centers not only facilitates the use of complex numerical models and ad-
vanced data analysis tools by the scientific communities, but also allows optimization of 
computational applications (e. g. parallelization of numerical codes, improved use of big data 
concepts through support from IT experts).
Scientists are thus empowered to improve the assessment of their own results and thereby 
enhance their scientific knowledge and turn this new knowledge into innovative services 
tailored to users’ needs (for example: new concepts for near real time (NRT) satellite valida-
tion in order to improve NRT-services such as improved forecasting of mesoscale phenome-
na, or the implementation of tailored health services for individual persons, etc.). 
As a result, this concept strengthens the long term international competitiveness of Europe-
an research and envelopment.

• Where appropriate, cooperation with European industrial sectors could be advantageous for 
both parties, for example, with regard to technology development (e. g., improving the per-
formance of instrumentation or adapting technologies to other fields of application). It is 
equally conceivable that parties may cooperate in the envelopment of services tailored to 
users’ needs (so-called ’downstream services’, such as the provision of information products).

Fig. 36: VAO’s vision from data to understanding to action (Bittner 2020/01)
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From what has been said above, it follows that the vision of the VAO can be characterized in at 
least five dimensions (Bittner 2020/01):

(1)  setting new standards in terms of the common development of new instrumentation (“open 

hardware”), often in cooperation with industry;
(2)  providing information products and data analysis tools tailored to the scientists’ needs 

(“computing-on-demand”);
(3)  scheduling measurement procedures harmonized between various measurement sites and 

customized to a specific application (“operating-on-demand”);
(4)  archiving and delivering data (and meta-data), as well as value-added information, adjusted 

to specific requirements (“data-on-demand”), and
(5)  elivering services addressing especially – but not exclusively – public needs (“service-on-de-

mand”).

The VAO is already established and is becoming more and more visible and attractive. During 
the first VAO-Board Meeting, held in 2016 at the Bavarian State Ministry for the Environment 
and Consumer Protection in Munich, it became clear that a strategy was required for the up-
coming decade, which will assist the further development of the VAO in a target-oriented way. 
The following VAO mission statement is based on broad discussions within the scientific com-
munities and reads:

“The overarching objective of the VAO is to bring together already existing infrastructures (ob-

servatories, data centers, and high-performance computing centers), scientists, engineers, med-

ical experts and technicians from various disciplines and facilities (universities, large research 

institutes, and public authorities) to perform environment, climate and climate change research 

in the Alps. Cross-linking all these capacities therefore means a lot more than just the sum of it.

The motto is and remains: “Joining forces instead of duplicating efforts”.

The consequence of this means that the future development of the VAO is to be pursued in two ways:

(1)  Deepened definition of the scientific core topics to be worked on jointly as VAO in the future 
scientific core topics (research strategy “VAO-II”);

(2)  Strengthening the scientific competitiveness of the VAO research association by VAO 
through further development of its organizational structure (“VAO-III”).

1.10.4 Core scientific topics
The implementation of the VAO strategy rests on four pillars (Bittner 2020/01):
• Pillar I: advancing the research infrastructures in the Alps, especially at high altitudes;
• Pillar II: enhancing the scientific and technological portfolio;
• Pillar III: advancing the services, and
• Pillar IV: strengthening public outreach.

VAO-internal discussion on the specification of these jointly-decided pillars resulted in a prior-
itization of the following research areas:
• Atmospheric and climatic variability;
• Climate impact on the Alpine environment, hazards and risks;
• Alpine water cycle; and
• Environment and human health.

The overarching scientific challenges that the VAO will address in the next years are part of the 
research fields, put together in Fig. 37.

1.10.5 Further organizational development: 
• The research association VAO is currently striving to transform the VAO Network into a legal-

ly binding structure. The goal is the foundation of a “European Association for Territorial co-
operation (EGTC)”.
This organizational transformation should trengthen the alpine research of the high alpine 
research stations of the Alps and to make them scientifically more effective by coordinating 
and bundling their potentials in calls for proposals.
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• In a first step, the high alpine research stations in Germany (Environmetal Research Station 
Schneefernerhaus / UFS), Austria (Sonnblick Observatory / SBO) and Switzerland (High altitude 
research stations Jungfraujoch and Gornergrat / HFSJG) will join forces to form an “EGTC-VAO”.

• With its foundation, this “EGTC-VAO” shall start a first research project. Its central research 
goal is the investigation of coupling processes in the different areas of the alpine climate 
system. Processes in different parts of the alpine climate system. The expected findings may 
contribute significantly to the optimization of climate simulations and show the effects on 
specific ecosystems and cycles.

• Within the VAO network, specialists from the fields of geosphere, biosphere, hydrosphere, 
cryosphere and atmosphere are working interdisciplinarily on important questions of the 
alpine earth system. With this professional diversity, the VAO stations already cover an re-
search from the solid body of the earth to the edge of space. In this respect, the research 
activities at the above-mentioned observatories are uniquein the entire Alpine region.

Epilogue

Climate change currently poses the greatest threat to life on our planet. Consistent and target-
ed action by policymakers is therefore imperative.

For political measures to be credible and democratically legitimate in the long term, it is essen-
tial that they are based on the current state of research. There is no room for “alternative facts.”

Scientific data must meet the recognized, subject-specific criteria without restriction, so that 
they are not communicated in an interest-driven manner.

Scientific knowledge is an essential prerequisite for respectful and successful treatment of the cre-
ation entrusted to us. Since its foundation, the “Virtual Institute – Environmental Research Station 
Schneefernerhaus (UFS)/Zugspitze” has placed itself unreservedly at the service of this challenge.

Scientific challenges: The overarching scientific challenges the VAO will address to in the 
 upcoming decade are part of the following research fields:

Challenge 1 Understanding the coupling mechanisms among atmosphere, clouds and land 
 surface and their changes in view of impact on the greenhouse effect

Challenge 2 Understanding the impact of the Alps (mountains) on atmospheric dynamics in the 
middle atmosphere (10–100 km height)

Challenge 3 Understanding if there is an impact of climate change on the characteristics of 
 cosmic radiation in the atmosphere

Challenge 4 Monitoring and understanding of the contamination of the Alps

Challenge 5 Impact of meteorological extremes in the Alps and surrounding regions on natural 
hazards

I) Climate impact on Alpine environment, hazards and risks

Challenge 6 Understanding the dynamics of the Alpine vegetation in response to climate (change)

Challenge 7 Interrelation of the environment with seismic activity

II) Alpine water cycle

Challenge 8 Understanding the Alps as a water tower for the pre-Alpine regions under climate 
change conditions

III) Environment and human health 

Challenge 9 Understanding the impact of pollutants, radiation and meteorological stress on 
 human health

IV) Improving the Infrastructure 

Challenge 10 Improving the validation of satellite-based measurements through in-situ and  remote 
sensing measurements

Challenge 11 Establish a powerful IT-linkage between all observatories, high-performance 
 computing centres and data repositories (e. g. further develop AlpEnDAC)

Fig. 37: Future research fields of the VAO-cooperation
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This is evidenced by the cross-border climate research currently being carried out in the Alpine 
region at its suggestion under the title “Virtual Alpine Observatory (VAO)”. It is unique in its kind.
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Abstract

Mountain climate therapy takes advantage of specific climatic conditions to treat chronic aller-
gic diseases. The aim of the study was to investigate effects of a 5-day observation period on 
atopic diseases at the Environmental Research Station Schneefernerhaus (UFS; Umwelt-
forschungsstation).

18 patients with grass pollen-induced rhinoconjunctivitis, atopic ezcema or asthma and 11 
non-allergic controls were included in this study. Skin physiology parameters, changes of the 
respiratory and nasal functions, subjective symptoms and blood parameters were measured 
during a 5-day observation period in the Environmental Research Station Schneefernerhaus at 
the moderate altitude mountain region (Zugspitze; 2650 m alt.) compared to a low altitude area 
(Munich; 519 m alt.).

Histamine induced itch decreased significantly. Several of the skin physiology parameters 
changed significantly during the observation period (decrease of skin hydration, increase of 
skin smoothness, skin roughness, skin scaliness and pH-value). In patients with atopic eczema, 
the SCORAD (Severity Scoring of Atopic Dermatitis) and the scores of the DIELH (Deutsches 
Instrument zur Erfassung der Lebensqualität bei Hauterkrankungen) did not change significant-
ly. Parameters of nasal function (rhinomanometry, eosinophil cationic protein (ECP) in nasal 
secretions) did not change significantly. The vital capacity (VC) decreased significantly, several 
other parameters of lung function (FEV1/VC, PEF, MEF 50, MMFEF 25/75) showed a slight, but 
statistically significant improvement. ECP (eosinophil cationic protein) and IL-33 in the serum 
and parameters of blood count changed significantly.

In dependence on the atopic disease the benefit of a moderate altitude mountain climate so-
journ over a period of 5 days differed – especially itching of the skin and asthma parameters 
improved. Assessing the parameters during a longer observation periods in alpine climate 
would be useful.

The methodology used can serve as a suitable template for qualified studies on the effect of 
climate therapy.

Key words: mountain climate therapy, atopic diseases, atopic eczema, asthma, rhinoconjunc-
tivitis allergica, skin physiology parameters, rhinomanometry, parameters of lung function, 
Umweltforschungsstation Schneefernerhaus, Zugspitze
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– a pilot study. Clinical and Translational Allergy 2014; 4: 17
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2
2.1 Introduction

Allergies have increased in most countries of the world in recent decades. Prevalence rates of 
20 to 30 % of the total population are estimated today. Particularly common allergic diseases 
are allergic rhinoconjunctivitis (if seasonally occurring “hay fever”, allergic asthma bronchiale, 
atopic eczema (atopic dermatitis, anaphylaxis (maximum variant of an acute allergic reaction 
with life-threatening character, allergic contact dermatitis (one of the most common occupa-
tional diseases) and the manifold spectrum of food and drug intolerance reactions.

Allergies are typical environmental diseases; they are based on genetic susceptibility via a 
misdirected reaction of the effector organ immune system against natural and anthropogenic 
substances from the environment. Air pollutants and allergens can influence each other in many 
ways (1, 2).

Climate therapy comprises the use of certain climatic conditions in the treatment of chronic 
diseases. In allergy, maritime and moderate altitude mountain zones are of interest. Mountain 
climatotherapy can be performed in moderate altitude (relative height of > 2000 m) and low 
altitude (> 500–2000 m alt.) (3).

Increasing altitude implies climatic changes in the following factors: air pressure, oxygen par-
tial pressure, temperature, water vapour pressure, UV radiation, global radiation and reduction 
of allergens such as house dust mite. Some of these factors are considered as “stimulating”, 
the relative purity of the air and low allergen content as protective factors (4).

From the experience of special rehabilitation clinics in the moderate high mountains, especial-
ly in Davos, Switzerland, we know since decades that the mountain climate exerts a favorable 
influence on numerous inflammatory diseases of the skin and respiratory system. Especially 
the climatic situation in moderate high mountains (5) has been proven in many studies to be 
particularly effective in the treatment of allergic respiratory and skin diseases, with most long-
term studies in Davos (6,7). From patients with atopic eczema (AE) treated in the German 
Hospital for Dermatology and Allergy Davos (Switzerland) some 94 % returned either complete-
ly free or with considerably improved symptoms (4). Also in patients with asthma mountain 
climate therapy is a well-established therapeutic option (5).

The effects of mountain climate include normalization of misguided immune responses (T cell 
responses, IgE levels, changes in cutaneous reactivity, histamine and allergen pricktest thresh-
olds), influences on vegetative parameters such as sweating, and beneficial effects on the 
subjective symptom itching. The nature of these effects, especially with regards to the only more 
recently elucidated pathophysiological reactions of the allergic inflammatory cascade, is inves-
tigated only to a limited extent. Increased cortisol and catecholamine levels as well as modu-
lation of lymphocyte regulatory functions might be mechanisms explaining the effects of cli-
mate therapy in these disorders (8, 9).

Many patients – especially those with severe forms of the above-mentioned diseases – cannot 
be subjected to allergological testing in the lowlands under the conditions of daily life at all. 
This is due to the fact that either the skin organ or the respiratory tract constantly show symp-
toms and must be treated, which prevents the patient from testing, or strong symptoms occur 
immediately when the medication is discontinued, which makes testing impossible. For such 
patients, moderate high mountain conditions are particularly valuable for providing them with 
a further treatment strategy. Compared to Davos (1.600 m) the altitude in Bavaria with Oberjoch 
(approx. 1200 m) and Berchtesgaden-Buchenhöhe (approx. 900 m) are still relatively low. With 
a height of 2650 m, the UFS offers a location comparable to that of the Jungfraujoch in Europe.

It was the aim of this study to follow objective and subjective parameters in patients suffering 
from rhinoconjunctivitis and/or atopic eczema, asthma over a 5 days observation period in the 
Environmental Research Station Schneefernerhaus (UFS) at the Zugspitze (2650 m alt.) in the 
alpine mountain climate of Bavaria compared to lowland in Munich (518 m alt.). Clinical symp-
toms, skin and lung parameters, blood parameters and self-assessed health status were ana-
lyzed.
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2.2 Materials and methods

2.2.1 Study Design
Five-day observation periods at the Environmental Research Station Schneefernerhaus (UFS) 
were performed with groups up to 10 patients and/or controls in July/August 2008, March 2009 
and July 2009. Skin physiology parameters, changes of the respiratory and nasal functions, 
subjective symptoms and blood parameters were measured 3 to 4 days in Munich before the 
sojourn at the UFS (t1), at the first and second day (t2) and at the fourth and fifth (t3) day during 
the sojourn at the UFS as well as about 4 weeks later in Munich (t4). All participants reached 
the UFS by railway within four hours. All study procedures were conducted according to the 
Declaration of Helsinki. The local Ethical Committee approved the study. Patients had given 
informed consent.

2.2.2 Patients
18 patients (6 males, 12 females; mean age: 30 years, range: 24–43 years) with grass-pollen 
induced rhinoconjunctivitis, atopic eczema or asthma and 11 non-allergic controls (4 males, 
7 females; mean age: 26 years, range 18–32 years) were included in the study. Characteristics 
of patients are shown in Tab. 1.

2.2.3 Diagnostic criteria
Atopic eczema was diagnosed according to the criteria of Hanifin and Rajka, the UK working 
party and Ring et al. (10,11,12). Asthma in adults was diagnosed according to Global Strategy 
for Asthma Management and Prevention (13).

2.2.4 Blood tests
A maximum of 20 ml per blood sampling time (maximum 3 time points) was required. The 
total IgE, a spectrum of specific IgE antibodies (main focus on inhaled allergens), a complete 
blood count and parameters of inflammation of the skin and respiratory tract (eosinophilic 
cationic protein ECP and soluble receptors) were determined.

2.2.5 Measurements

2.2.5.1 Dermatological examination
The examination of the skin was carried out in a standardised manner by trained physicians. 
The focus of the study was set on the qualitative and quantitative description of atopic eczema. 
The severity of the atopic eczema was determined by the SCORAD (scoring index for atopic 
dermatitis). This is a standardised survey tool developed for this purpose, which records the 
parameters of extent, intensity (divided into the criteria erythema, edema/papules, wetness/
crusts, excoriations, lichenification, dryness) and subjective symptoms (daytime pruritus and 
sleep loss). (14)

2.2.5.2 Skin prick test
The skin prick test was performed on the volar sides of the forearms. Commercial extracts of 
grass pollen allergens in various dilutions as well as saline and histamine solutions were used 
as controls. The reactions were evaluated after 15 minutes and categorized according to the 
diameter of the wheal and flare reaction. A wheal diameter of ≥ 3 mm was defined as positive. 
Tests in which the negative control was positive or in which there was no positive reaction 
(including positive control) were excluded from the final evaluation.

Itch intensity after prick testing of histamine was rated on a computerized visual analogue scale 
(VAS) ranging from 1 to 100, where 0 was defined as ‘no itch’ and 100 as ‘maximum itch’. The 
scale was anchored at one-third of the VAS, defined to patients as the ‘scratch threshold’ (15).
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2.2.5.3  Measurement of skin physiological parameters (Fig. 1)
Parameters of skin function, especially with regard to the barrier function 
of the upper skin layers (16), were investigated under the conditions of the 
altitude climate:

2.2.5.4 Sebum content
A sebumeter (SEBUMETER SM 810, Courage and Khazaka electronics 
GmbH, Köln, Germany) was used for the quantitative measurement of skin 
surface fat. The measurement was based on fat spot photometry. The mat 
tape of the sebumeter was brought into contact with skin (here forehead). 
It became transparent in relation to the sebum on the surface of the meas-
urement area. Then the tape was inserted into the aperture of the device 
and the transparency was measured by a photocell. The light transmission 
represented the sebum content and the result was displayed in µg/cm2.

2.2.5.5 Skin hydration
To determine the skin hydration, a corneometer (CORNEOMETER CM825, Courage and Khaz-
aka electronics GmbH, Köln, Germany) was used to determine the moisture content of the 
outer layer of the epidermis (stratum corneum) by means of a capacitive measuring method. 
Changes in the skin surface hydration resulted in a change in the capacitance of a precision 
capacitor due to the change of a dielectric medium. This was evaluated electronically and dis-
played as a corneometer value. The value scale ranged from 1–150 units. For measurement, the 
active front face of the probe head, coated with special glass, was placed on the flexor side of 
the forearm. The corneometer reading was displayed after 1 second.

2.2.5.6 PH-value
The pH-value of the skin surface provides important information about the condition of the skin 
and its protective acid mantle. Since the skin’s surface with its excretions and high moisture 
content comes very close to the properties of an “aqueous solution”, it is suitable for immediate 
pH measurement. The sensor for pH measurement on the skin surface of the skin-pH-meter 
(SKIN-pH-METER PH 900, Courage and Khazaka electronics GmbH, Köln, Germany) was char-
acterised by the fact that its active part was designed as a flat surface in order to be able to 
measure on the skin (here: flexor side of the forearm). The measurement was based on a high 
quality combined electrode, where both glass H+ ion sensitive electrode and additional refer-
ence electrode were placed in one housing. It was connected to a probe handle containing the 
measurement electronics. The result of the measurement within seconds was displayed with 
an accuracy of 0.1 pH.

2.2.5.7 Skin roughness (Fig. 2)
Skin roughness can be determined by means of an impression procedure 
to determine the skin surface texture. Replicas were taken from the flexor 
side of the forearm with a polyether impression material (Permadyne Ga-
rant 2:1, ESPE, Seefeld, Germany) according to a previous publication (16). 
Each skin print is measured with the aid of a commercially available surface 
measuring device (VisioScan VC98 with the software SELS 2000, Courage 
and Khazaka electronics GmbH, Köln, Germany). For the description of skin 
roughness, those parameters were chosen that have proven to be particu-
larly meaningful for the description of the skin surface texture (skin scali-
ness, skin smoothness).

2.2.5.8 Transepidermal water loss
A tewameter (Tewameter TM 300, Courage and Khazaka electronics GmbH, Köln, Germany) was 
used to determine the transepidermal water loss as a measure of the skin barrier function. The 
physical basis for measuring the evaporation of water on a surface is the diffusion law discov-
ered by Adolf Fick:

Fig. 1: Measurement of skin physiology 
parameters

Fig. 2: Replica of the skin surface for 
measurement of skin roughness
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   dm ____ 
dt

    = –D · A · A ·    
dp

 ___ 
dx

   

(A = surface (m2); m = water transported (g); t = time (h); D = diffusion constant (= 0.0877 g/m(h(mm 
Hg))); p = vapour pressure of the atmosphere (mm Hg); x = distance from skin surface to point 
of measurement (m))

The diffusion current dm/dt indicates how much mass is transported per time unit. The diffusion 
current is proportional to the surface A of the perpendicularly penetrating interface and the 
change in density per unit of displacement length dp/dx. D is the diffusion coefficient of water 
vapour in atmospheric air. This law is only valid within a homogeneous diffusion zone. This is 
approximately created by a hollow cylinder open on both sides, the shorter side of which is 
placed on the skin (open chamber measurement). The water evaporating from the surface of 
the skin evaporates through the cylinder on the opposite side. The resulting density gradient is 
indirectly measured and evaluated by two pairs of sensors (temperature and relative humidity) 
in the cylinder. The values are given in g/hm2. The transepidermal water loss was measured 
according to the guidelines of Pinnagoda et al. (17) on the flexor side of the forearm. This pa-
rameter is of particular importance as it can be used to detect very small disorders of the skin 
barrier function both in healthy skin and in patients with atopic eczema, which already show 
elevated levels of TEWL in non-affected areas.

2.2.5.9 Alkali resistance test
The alkali resistance test assesses the alkaline resistance of the skin. For this purpose, a skin 
area was moistened with 0.5 M NaOH solution for 2 × 10 minutes and covered with a small glass 
platelet. In between was a 10-minute drying and observation area. The control was 0.9 % aque-
ous saline solution. The TEWL was then measured over both areas.

2.2.5.10 Laser Doppler flowmetry (Fig. 3)
By means of Laser-Doppler Imager (Moor Instruments, Axminster, England) it was possible to 
measure the skin blood circulation without contact. A low energy laser was guided over the 
surface of the skin (here both forearms) in a meandering manner by a mirror that can be rotat-
ed on two axes. The light was scattered through the static surface and the moving blood. The 
double shifted and unchanged light components were directed to two detectors via the mov able 
scanning mirror and the incoming mixed signal was used to calculate the parameter Flux (pro-
portional to the blood flow). The value was given in device-specific units.

Fig. 3: Laser Doppler Flowmetry
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2.2.6 Respiratory parameters

2.2.6.1 Peak flow measurement
The severity of a breathing disorder can be assessed by peak flow measurement. This method 
measured the maximum exhalation flow (peak flow) at forced expiration at the mouth in l/s or 
l/min. The mouthpiece of the peak flow meter (Mini-Wright-Peak-Flow-Meter, Clemente Clark, 
Essex, England) was attached to the mouth and the pointer is positioned at 0 l/min. The patient 
breathed deeply while standing, held the device horizontally, covered the mouthpiece with his 
or her lips and exhaled through the device as fast and powerfully as possible. The value was 
read above the pointer. In healthy subjects, the peak flow rate is usually between 400 and 700 
l/min. In this study, the subjects were instructed to perform a peak flow measurement three 
times a day with the nose clamp attached while standing. The peak flow measurement was 
carried out three times at each measuring point and the best results were documented.

2.2.6.2 Rhinomanometry
In all subjects rhinomanometric function parameters were determined with a spirometer 
(Flowscreen Pro, Jaeger GmbH, Hoechberg, Germany). The measurement method was used to 
determine the airway resistance when inhaling through the nose. During inhalation and exha-
lation, a special respiratory mask was used to measure the differential pressure between the 
space in front of the nostril and the oral cavity. With the aid of nasal olives, the choke pressure 
and flow were determined and the measured value was graphically recorded in a nasal resist-
ance curve. The value of the nostril was selected as the reference point showing the least re-
sistance before exposure.

In the nasal provocation test, after adaptation to room temperature, the provocation was ap-
plied with NaCl 0.9 % to the lower nasal concha on the mucous membrane and the flow was 
recorded. The usual provocation with pollen was avoided due to the risk of an asthma attack.

2.2.6.3 Extraction of nasal secretion
To obtain nasal secretion, we used the absorption method with small cotton wool pieces: These 
small cotton wool pieces were inserted into the middle nasal passage on both sides under 
anterior rhinoscopy with a bayonet forceps for 15 minutes. Subsequently, they were centrifuged 
at +8 °C and 3000 R for 20 min and the nasal secretion obtained was stored at –70 °C until fur-
ther processing. In all samples the eosinophilic cationic protein (ECP) was analyzed (CAP ECP 
FEIA, Pharmacia, Uppsala, Sweden).

2.2.6.4 Pulmonary function parameters
In all subjects pulmonary function parameters were determined with a spirometer (Flowscreen 
Pro, Jaeger GmbH, Hoechberg, Germany). The pulmonary function test measured parameters 
for the characterisation of lung size, certain partial volumes and flow resistance. The measured 
values were assessed in relation to standard values, so that a normal or limited lung function 
could be detected in the individuals. The lung function, but especially the intensity of change 
over time, is currently the most significant non-invasive parameter for measuring the co-reac-
tion of the lungs and bronchi.

The routine parameters VC max, FEV1, FEV1/VC max, ITGV, R tot, SR tot and the flow-volume 
curve were evaluated using bodyplethysmography (Master Screen Body, Jaeger GmbH, VIASYS 
Healthcare, Höchberg, Germany). (Fig. 4)

Under resting conditions and/or slow breathing conditions the vital capacity as well as its par-
tial volumes (VCin, ERV, IRC) were determined and the forced expiratory volume in one second 
(FEV1) and other parameters (FVC, FEV1 % VC, PEF, MEF75, MEF50, MEF25, MMEF) were deter-
mined by forcing expiratory volume in one second from the flow-volume curve. Bodyplethys-
mographically, the airway resistances and the intrathoracic gas volume at the end of normal 
exhalation (FRC) were determined by means of short term occlusion at the mouthpiece (18).
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2.2.6.5 Methacholine provocation
The methacholine provocation (for subjects with normal lung function) is one of the pharma-
cological bronchial provocation tests that have a firm place in patient care as well as in scien-
tific and expert questions. This challenge test was performed with a bodyplethysmograph (Mas-
ter Screen Body, Jaeger GmbH, VIASYS Healthcare, Hoechberg, Germany). After inhalation of 
a control solution (physiological saline solution) the inhalative provocation with methacholine 
was carried out in different dose levels. Inhaled methacholine does not cause any reaction at 
all in healthy airways. If the airways are inflamed and therefore hypersensitive, there is a brief 
airway constriction, which can be detected very well and early in the lung function. Lung func-
tion examinations were performed prior to provocation and after control and individual dose 
levels.

2.2.6.6 Measurement of nitrogen oxide (NO) in the exhaled air (Fig. 5)
The measurement of nitric oxide in exhaled air serves as an objective and simple marker of 
respiratory inflammation. For NO measurement, the patient exhaled in a seated position, then 

NO-free air was inhaled via a mouthpiece. Finally, the patient breathed out 
slowly into the mouthpiece, with the results being visible directly on a 
screen. After 3 measurements the correct value was displayed. FENO meas-
urements (NIOX MINO; Aerocrine, Solna, Sweden) were performed at the 
different time points (19).

2.2.6.7 Conjunctival provocation test
Five serial dilutions (1:10) of grass pollen extracts were created. The test was 
carried out gradually up to a clinical reaction with a score of at least 2+ for 
itching and redness. Conjunctival symptoms (itching, burning, foreign body 
sensation, tears, redness, chemosis, eyelid swelling) were evaluated ac-
cording to a score of 0 (none) to 3 (heavy) for each eye prior to allergen 
provocation and 5, 10, 15, 20 minutes after challenge. A single drop (20 µl) 
of the lowest concentration was placed in the conjunctival sac followed by 
the next concentration at 10-min intervals switching from one eye to the 
other until symptoms appeared. 0.1 % saline was used as negative control.

Fig. 4: Bodyplethysmography

Fig. 5: Measurement of nitrogen oxide 
(NO) in the exhaled air 
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2.2.7 Questionnaires

2.2.7.1 SF-36 Health Survey Test
The Short Form Health Survey is a 36-item, patient-reported survey of patient health. The SF-36 
covers 8 different dimensions that can be classified in the areas of “physical health” and “men-
tal health”: Physical functioning, physical role functioning, physical pain, general health per-
ception, vitality, social function, emotional role functioning and mental health (20).

2.2.7.2 Eppendorf Itch Questionnaire (EIQ)
The Eppendorf itch questionnaire (21) is a validated instrument for qualitative and quantitative 
assessment of pruritus. It contains 80 items on itch sensation in blocks of ten. Each item is 
rated with regard to the itch sensation on a five-point scale from 0 (not applicable) to 4 (very 
applicable).

German Instrument for Measuring the Quality of Life in Skin Diseases – Deutsches Instrument 
zur Erfassung der Lebensqualität bei Hauterkrankungen (DIELH)

This questionnaire examines the quality of life for skin diseases in the areas of physical ail-
ments, mental health, everyday life, leisure, job/school, personal environment and treatment 
on the basis of 36 questions (22).

2.2.7.3 Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ)
The Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ) measures the functional problems 
(physical, emotional, social and occupational) that are most troublesome to adults (17–70 years) 
with either seasonal or perennial rhinoconjunctivitis of either allergic or non-allergic origin. The 
RQLQ has 28 questions in 7 domains (activity limitation, sleep problems, nose symptoms, eye 
symptoms, non-nose/eye symptoms, practical problems and emotional function). There are 3 
’patient-specific’ questions in the activity domain which allow patients to select 3 activities in 
which they are most limited by their rhinoconjunctivitis. Patients recall how bothered they have 
been by their rhinoconjunctivitis during the previous week and respond to each question on a 
7-point scale (0 = not impaired at all –6 = severely impaired). The overall RQLQ score is the mean 
of all 28 responses and the individual domain scores are the means of the items in those 
 domains (22).

2.2.7.4 Blood parameters
The following blood parameters were determined: complete blood count (Sysmex XT-2000 i/
XT-1800i; Sysmex Corpotation, Japan), eosinophil cationic protein (CAP ECP FEIA, Pharmacia, 
Uppsala, Sweden), human IL-16 (DuoSet ELISA Development System, R&D Systems Europe, 
Abingdon, United Kingdom) and IL-33 (Human IL-33 ELISA Quantitation Kit, Gentaur, Brussels, 
Belgium).

2.2.7.5 Statistical analysis
Data were analyzed using SPSS. For statistical analysis the Friedman’s one-way analysis for 
variance by ranks was used for paired samples and the Wilcoxon test for unpaired samples. For 
the disease-related analysis the univariate analysis of Variance (ANOVA) was used. The critical 
value for significance was set at P < 0.05 for all analyses. Data are presented as mean (± SD).

2.3 Results

2.3.1 Patients
Out of the 18 patients 13 had rhinoconjunctivitis, 10 had asthma and 7 patients suffered from 
atopic eczema. 11 patients had positive prick tests to house dust mites, 14 to grass pollen and 
12 to early flowering species (hazel, alder, birch). 14 patients had specific IgE antibodies to 
house dust mites, 16 to grass pollen and 10 to early flowering species. (Tab. 1)
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2.3.2  Dermatological examination and skin function 

measurements (Tab. 2)
The severity of eczema as measured by SCORAD showed no significant changes (Fig. 6).
Also the sebum concentrations did not change significantly over the study period.
Stratum corneum hydration decreased significantly during the stay at the UFS (Fig. 7).
Skin surface pH showed a significant increase at the UFS between time point 1 and time point 
2 as well as between time point 3 and time point 4 (Fig. 8).

Skin roughness showed a significant increase (p < 0.05) at time point 2 (controls: 0.6 ± 0.2; 
patients: 1.0 ± 0.3) vs. 1 (controls: 0.5 ± 0.2; patients: 0.6 ± 0.3) as well as a significant decrease 
(p < 0.01) at time point 3 (controls: 0.5 ± 0.2; patients: 0.6 ± 0.4) vs. time point 2 (controls: 
0.6 ± 0.2; patients: 1.0 ± 0.3). Skin scaliness and skin smoothness increased significantly during 
the stay at the UFS with significant differences (p < 0.01) between time point 1 (controls: 
0.3 ± 0.2; patients: 0.3 ± 0.2/controls: 18.2 ± 3.8; patients: 18.2 ± 2.0) vs. time point 2 (controls: 
0.7 ± 0.4; patients: 0.7 ± 0.3/controls: 18.8 ± 4.4; patients: 21.0 ± 3.8) and time point 3 (controls: 
0.6 ± 0.3; patients: 0.8 ± 0.3/controls: 18.5 ± 4.3; patients: 22.3 ± 4.3) to time point 4 (controls: 
0.5 ± 0.2; patients: 0.6 ± 0.3/(controls: 15.1 ± 0.5; patients: 19.0 ± 2.9).

Transepidermal water loss (TEWL) did not show significant changes over the study period. Also 
TEWL measured during the alkali resistance test showed no significant change during the study 
period. The dermal blood flow did not show significant changes over the study period, but in 
patients with atopic eczema this parameter increased significantly (p < 0.01) between time point 
3 vs. 1.

Fig. 6: SCORAD of patients with atopic eczema at the different 
time points (t1 and t4: Munich; t2 and t3: UFS)

Fig. 7: Skin hydration of patients and controls at the different 
time points (t1 and t4: Munich; t2 and t3: UFS)

Fig. 8: PH-values of patients and controls at the different time 
points (t1 and t4: Munich; t2 and t3: UFS)

Fig. 9: Itch intensity after skin prick test with histamine of 
 patients and controls at the different time points (t1 and t4: 
Munich; t2 and t3: UFS) (41)
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The size of the wheals and flares after a prick test with different concentrations of the grass 
pollen showed minor changes, namely an increase of the wheal size after prick test of the 1:100 
solution at time point 3 vs. 2 and the decrease of the flare size of the 1:10 solution at time point 
1 vs. 2 (data not shown). In patients with rhinoconjunctivitis the wheal size of the 1:10 solution 
increased significantly ( p < 0.05) between time point 1 vs. 2.

Itch intensity after prick testing of histamine rated on a computerized visual analogue scale 
(VAS) decreased significantly between time point 2 vs. 1 and between time point 3 vs. 2 (Fig. 9). 
In patients with rhinoconjunctivitis itch intensity decreased significantly ( p < 0.05) between time 
point 1 vs. time point 2.

2.3.2.1 Respiratory parameters (Tab. 2)
No significant changes in the rhinomanometric parameters (nasal flow and nasal resistance) 
were found before and after application of NaCl during the study.

The forced vital capacity (FVC) showed a significant decrease ( p < 0.05) at time point 3 (controls: 
4.7 ± 1.2 l; patients: 4.6 ± 1.2 l) vs. time point 2 (controls: 5.0 ± 1.3 l; patients: 5.2 ± 2.0 l). FEV1/
VC (Fig. 10), PEF, MEF 50 and MMEF25/75 (data not shown) increased significantly ( p < 0.05) at 
time point 3 or 2 vs. 1. The resistance during provocations tests with different concentrations 
of methacholinchloride, peak-flow values and values of the measurement of exhalative nitric 
oxide (NO) did not differ significantly at the different time points (Fig. 11).

2.3.2.2 Conjunctival provocation test (Tab. 2)  
Conjunctival provocation with allergen solution in different concentrations did not differ signif -
icantly at the different time points. In patients with asthma there was a significant increase 
(p < 0.05) of this parameter at a concentration of 1:100 after 5 minutes at time point 1 vs. 2  and 
a significant decrease ( p < 0.05) at time point 2 vs. 3 (ANOVA).

2.3.1.3 Quality of life – questionnaires (Tab. 2)
Statistical analysis of several questionnaires (SF-36 Questionnaire, Eppendorf Itch question -
naire, Deutsches Instrument zur Erfassung der Lebensqualität bei Hauterkrankungen [DIELH])  
revealed no significant differences of the scores at all time points. The score of the Rhinocon -
junctivitis Quality of Life Questionnaire [RQLQ]) increased significantly ( p < 0.05) between time 
point 1 (controls: 6.6 ± 0.3; patients: 5.6 ± 0.9) vs. 3 (controls: 6.8 ± 0.2; patients: 5.8 ± 0.9). This 
increase reflects an improvement of symptoms.

2.3.2.4 Blood parameters (Tab. 2)
Erythrocytes, hemoglobin and hematocrit increased significantly ( p < 0.01) at time point 2 vs. 
time point 1. In the serum a significant decrease ( p < 0.01/p < 0.05) of the eosinophil cationic 
protein (ECP) and of interleukin-33 was found at the beginning of the stay at the UFS versus the 
first assessment in Munich (t2 vs. t1) and again a significant increase for ECP ( p < 0.01) at the 

Fig. 10: FEV1/VC of patients and controls at the different time 
points  (t1 and t4: Munich; t2 and t3: UFS)

Fig. 11: FE(NO) of patients and controls at the different time 
points  (t1 and t4: Munich; t2 and t3: UFS)
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last assessment in Munich versus the end of the stay at the UFS (t4 vs. t3). Interleukin-16 in the 
serum and ECP in the nasal secretions did not differ significantly during the different time points.

For the influence of the different atopic diseases (rhinoconjunctivitis, atopic eczema, asthma) 
on the above mentioned parameters (ANOVA) see Tab. 2.

2.4 Discussion

It was shown in this study, that a 5-day-sojourn at the Environmental Research Station Schnee-
fernerhaus (UFS Zugspitze) at an altitude of 2650 m alt. exerts different effects on atopic dis -
eases with amelioration of itching and some respiratory parameters.

A clinical improvement of atopic eczema skin lesions using the severity score SCORAD was not 
found. This was in contrast to reported benefits of climate therapy in patients with atopic ecze -
ma during treatment in specialized in-patient facilities in the alpine mountain climate of Bavar -
ia (24, 25) or in mountain altitude conditions like Davos (4, 7, 26). Moreover a worsening of some 
skin physiology parameters (e. g. stratum corneum hydration, pH, skin roughness) was ob -
served. One reason of this phenomenon might be the fact that topical glucocorticosteroids were 
withdrawn 1 week before time point 1, another reason could be  the low air humidity at this 
altitude with negative influences on the skin. Only histamine-induced itching improved signif -
icantly during the observation period at the UFS. It is known that in the Swiss mountain area 
of Davos itch intensity was found to be correlated with some meteorological variables, espe -
cially air temperature (27).

Several lung parameters (FEV1/VC, PEF, MEF 50 and MMEF25/75) improved, only the forced 
vital capacity decreased. This is in accordance to previou s studies with children and adolescents 
in in-patient rehabilitation programs (28, 29, 30, 31) in moderate high mountain climate show -
ing an improvement of lung function disturbances. Decrease of exhaled NO as a parameter of 
lung inflammation was also seen in asthmatic patients under mountain climate therapy (5), but 
not in our study. 

The SF-36 questionnaire was constructed to survey health status and designed for use in clin -
ical practice and research, health policy evaluations and general population surveys (20). In our 
study at the UFS there were no significant differences of the score at the different time points. 
Furthermore the scores of the skin specific questionnaires emphazising the pruritus (The Ep -
pendorf Itch Questionnaire) and the quality of life (DIELH) did not differ significantly in our 
study. By contrast, in the AURA study we found a significant amelioration of the scores con -
firming the benefit of the therapy in Pfronten (25). Only the RQLQ showed a significant differ -
ence between time point 1 and time point 2 in our study with a negative influence of atopic 
eczema and a positive influence of asthma.

Exposure to the moderate altitude had significant effects on red blood cells (32) with an increase 
of eosinophils during the stay at the UFS. This is in contrast to other studies during hospital 
treatment of atopic eczema in the mountain climate (33) and the North Sea climate with de -
creased eosinophils (34). 

Elevated ECP and IL-33 levels are regarded as markers of inflammation in asthma and atopic 
eczema (35, 36). In our patients with atopic diseases ECP together with IL-33 decreased signif -
icantly. Similar effects had been shown in the mountain climate of Davos for ECP (8). 

It could be shown that circulating Il-16 levels are correlated with the SCORAD in adult patients 
with atopic eczema (37) and decreased significantly in these patients after successful treatment 
(38). We did not find a decrease in our patients with atopic diseases.

Despite the extensive and detailed measurements of characteristics of atopic diseases during 
a 5 day observation period in the mountain climate of the Zugspitze in Bavaria only a few 
 parameters improved. The stay was helpful for patients wi th asthma, whereas patients with 
atopic eczema did not benefit from it and even their skin physiology parameters worsened. This 
might be due to the short duration of the sojourn and specific environmental factors at this 
altitude. It would be of interest assessing the skin parameters and characteristics of atopic ec -
zema during observation periods lasting several weeks in the alps.
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Since there is recently some criticism regarding validated data for the moderate altitude ther -
apy for patients with allergic diseases (39, 40) the methodology presented can serve as a suit -
able template for qualified studies on the effect of climate therapy.
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3 Monitoring of persistent pollutants at the UFS
Korbinian P. Freier 1, Gabriela Ratz 1, Wolfgang Körner 1, Bernhard Henkelmann 2, Karl-Werner 
Schramm 2, Manfred Kirchner 2, Wolfgang Moche 3, Peter Weiss 3

Fig. 1: Measurement equipment at the UFS for sampling ambient air and deposition for the detection of 
persistent organic pollutants. Picture: KF, LfU

3.1 Summary

At the UFS, levels of persistent organic pollutants (POPs) in ambient air and deposition are 
determined since 2005. The results of these monitoring activities contribute to international 
control and regulation of such chemicals.

POP are emitted from anthropogenic burning, industrial processes or products, and are char -
acterized by four properties: They are resistant to environmental degradation through chemical, 
biological, and photolytic processes, they are prone to bio-accumulate, and they are toxic to 
wildlife and humans. Moreover, most of these pollutants are semi-volatile and can be trans -
ported globally through the atmosphere in gaseous phase or attached to aerosols.

Monitoring devices are active air samplers characterized by low volume (30 L/min) and high 
volume (100 L/min) throughput and heated bulk deposition samplers. The samplers are 
equipped with filters and trapping cartridges, employing adsorbents which are conditioned to 
capture the target substances.

At intervals of three months, the sampling-cartridges are exchanged and analysed in laborato -
ries. Gas chromatography coupled to mass spectrometry in combination with a stable isotope 
dilution analysis (SIDA) enables the accurate determination of the content of polychlorinated 
dibenzo-p-dioxins and dibenzofurans (PCDD/Fs), polychlorinated biphenyls (PCBs), organochlo -
rine pesticides (OCPs), polycyclic aromatic hydrocarbons  (PAHs) and halogenated flame retard -
ants (HFRs).

1 Bavarian Environment Agency, Augsburg, Germany
2 Helmholtz Zentrum München – German Research Center for Environmental Health, Munich, Germany
3 Environment Agency Austria, Vienna, Austria
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Results indicate the importance of cold-condensation effects. Even though air concentrations 
at the alpine summits are up to two orders of magnitude lower than in urbanized regions, 
deposition rates are similar or only slightly lower. Hence, to determine the impact of persistent 
chemicals into mountain-ecosystems the measurement of bulk deposition is essential. Source 
regions of the measured POPs can be identified as regional and global.

The monitoring enables a control of international chemical’s legislation. It shows that concen -
trations in air for about 30 % of OCP and several brominated flame retardants have been de -
creasing since 2005. However, for the majority of the pollutants significant reductions cannot 
be observed. For emerging compounds, the results proof the potential for persistency and 
long-range transport and show that regulation of individual chemicals often causes a substitu -
tion by chemicals which may have similar problematic properties.

3.2 The relevance of chemicals monitoring in the Alps

In an industrialized world, the unspoiled nature of the Alps and its sensitive ecosystems are no 
longer guaranteed. Air currents carry persistent organic pollutants (POPs) that originate from 
sources all over the globe into the Alpine region. Moreover, the Alps are located in the heart of 
Europe, one of the most industrialized and agriculturally active regions in the world. Due to the 
cooler temperatures in the Alps, pollutants can be deposited via condensation effects. In addi -
tion, the Alps act as a meteorological barrier: the accumulation of air masses causes the high -
est rainfall in Europe, which also scavenges pollutants from the air.

Especially for the Alps with unique ecosystems and a high biodiversity, the early detection of 
inputs of problematic substances is important. In addition, high-quality food and feed products 
originate from the Alps and a significant part of the regional and supra-regional water supply 
in Bavaria, Austria, Switzerland, northern Italy, Slovenia and the South of France relies on a 
high environmental quality in the Alps.

Substances that combine persistent, bioaccumulative and toxic properties (PBT) are particular -
ly critical for humans and the environment:

Tab. 1: PBT-Characteristics

P Persistency: The substance is persistent in the environment, so it is hardly degradable. Neither 
chemical-physical nor biological processes in water, soil or air are able to decompose the 
 substance to any significant extent. The degradation is particularly difficult in cold climates.

B Bioaccumulation: The substance is bioaccumulating. It prefers to concentrate in the tissue of 
 living organisms. The reason for this is usually the solubility in fat of the substances and the 
lack of the possibility of excretion. Bioaccumulative substances accumulate strongly via the 
food chains, which also means that the pollutants occur in higher concentrations in particularly 
sensitive media, such as breast milk.

T Toxicity: The substance is toxic to organisms. The toxicity of the substances depends mainly on 
their concentration and the duration of their action; in the case of carcinogenic or mutagenic 
substances, it is considered that a threshold cannot be established.

Into the environment, POP are emitted for example as active ingredients of pesticides or unin -
tentionally, for example as by-products in combustion processes. Of all chemicals produced 
worldwide, more than 2,000 substances have the potential for PBT properties, which equates 
to several million tonnes per year of produced quantities (Scheringer et al., 2014).

Most of these chemicals remain where they are used as they have a low evaporation pressure 
and a low tendency to enter the atmosphere. However, the escape of very small amounts from 
products into the ambient air already leads to globally measurable contaminations. Contami -
nants from combustion processes, such as PCDD/Fs or PAHs, are directly emitted into the at -
mosphere.

The distribution of pollutants takes place via air currents and is coupled to the water cycle. 
Higher concentrations can be measured near the sources. However, because of their longevity 
and atmospheric long-range transport, pollutants reach remote areas. There, they can accumu -
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late through increased condensation, especially in cool regions such as the poles, where depo -
sition is greater than evaporation (“global distillation”, see Fig. 2). Therefore, PBTs are detected 
even in areas where they have never been produced or used, such as in the Arctic or Antarctic.

Mountain ranges in the mid latitudes such as the Alps can be regarded as 
further hot-spots of deposition because they are located in the same lati -
tudes as the sources but local temperatures are considerably lower and 
precipitation rates are in many cases higher. A comparison of the atmos -
pheric loads of POPs in the Alps with those of the surrounding regions, 
shows that the alpine soils (see Fig. 3) are a considerable sink for POPs, 
which are mainly emitted from regions outside of the Alps (Belis et al., 
2009). This indicates that the phenomenon of a cold trap is an underlying 
mechanism for the deposition in the Alps.

For most chemicals, the principle applies that a harmful effect begins at a 
certain concentration. However, if a pollutant does not degrade and addi -
tionally accumulates through the food chain, it is often only a matter of 
time before problematic concentrations in organisms are reached.

To cope with this risk on a precautionary basis, pollutants must already be 
recorded when entering ecosystems from the air. For this reason, to protect 
Alpine ecosystems, a monitoring of atmospheric concentrations and dep -
ositions rates of POPs was established in 2005 for the Alpine region under 
the project MONARPOP (Monitoring Network in the Alpine Region for Per -
sistent and other Organic Pollutants, Federal Ministry of Agriculture, For -
estry, Environment and Water Management, 2009). Up to date, this POPs 
monitoring is continued at the UFS and in parallel at the Sonnblick Obser -
vatory (SOB) in Austria within the projects called PureAlp s (till 2015 also 
the monitoring station at Weissfluhjoch/Switzerland was part of the pro -
jects). Considering a mountain range in the mid latitudes, the gathered 
time series are worldwide unique in their duration and extent.

Fig. 3: The contents of POPs in the 
 alpine soils indicate that from a global 
 perspective the Alps are a sink of 
 pollutants. Even if the concentration 
levels in the soils are at the lower range 
compared to other comparable soils in 
central Europe, the Alps cannot be 
 regarded as uncontaminated. Picture: 
Robert Traidl, LfU

Fig. 2: Unevenly distributed temperatures over the globe lead to the phenomenon of “global distillation” 
(Wania and Mackay, 1996) at the poles and “cold trapping” in mountain areas such as the Alps. Source: 
KF, LfU
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If new POPs are detected in the environment, only international measures are able to diminish 
concentration levels and deposition loads substantially. Additionally, regulated POPs need to be 
regularly monitored in order to evaluate if the applied measures are effective in reducing loads. 
With its results, the monitoring at the UFS delivers important data on emerging and well known 
POPs.  This contributes to the further development and eff ectivity control of chemicals legislation 
such as REACH4 of the European Union and the international Stockholm Convention on POP.

3.3  Active sampling of persistent pollutants 
in ambient air

Ambient air samples are taken at the UFS in order to be analysed for a huge number of indi -
vidual POPs (see Table 2). These include PCDD/Fs, PCBs, OCPs, PAHs and HFRs.

Tab. 2: Chemicals which are focus of the monitoring

Class of substances Examples Sources

Organochlorine pesticides 
(OCP)

DDT and derivatives
Lindane
Hexachlorobenzene
Endosulfane

Insecticide
Insecticide and wood preser-
vatives
Fungicide and combustion 
 processes
Insecticide

Polycyclic aromatic
Hydrocarbons (PAH)*

Benzo [a] pyrene
Phenanthrene

Combustion processes

Polychlorinated dibenzo-p- 
dioxins and dibenzo-furans 
(PCDD/F)

2,3,7,8-TCDD (Seveso dioxin) Combustion processes and 
by-product of chemical syn-
theses

Polychlorinated biphenyls (PCB) PCB 126 (dioxin-like PCB)
Indicator PCB: PCB 28, 52, 101, 
138, 153, 180

Plasticizer, flame retardant, 
 insulating oil,
combustion processes

Halogenated
flame retardants (HFR)*

Polybrominated diphenyl 
ethers (PBDE), e. g. DecaBDE, 
Hexabromocyclododecane 
(HBCD),  
Decabromodiphenyl ethane 
(DBDPE)

Flame protection in plastics and 
textiles
Flame protection in building- 
insulation
Substitute for decabromodi-
phenyl ether

Perfluorinated surfactants* # 
and Fluorotelomer alcohols*

Perfluorooctanoic acid (PFOA) Water-repellent coatings

Mercury* # Chloralkali electrolysis, 
 combustion of stone and 
Brown coal

* substances marked with an star have not been continuously measured since the beginning of the monitoring or are 
only part of focus projects such as POPAlp, EMPOP and PureAlps

# substances marked with an hash are only measured in deposition

Most POPs are semivolatile organic compounds (SVOCs) with a vapour pressure between 10 Pa 
and 10 –5 Pa at thermodynamic standard temperature (25 °C), representing a range of boiling 
temperatures from 240–260 °C to 380–400 °C, at standard atmospheric pressure. In spite of their 
low vapour pressures SVOCs occur in the atmosphere at least partially in the gaseous phase. 
Any distribution ratio from 100 % in the gaseous phase to complete attachment to aerosols is 
possible depending on the vapour pressure of the compound, ambient air temperature and 
aerosol concentration. Therefore, any sampling method for the assessment of ambient air con -
centrations of POPs must collect total suspended aerosols as well as the POPs in the gaseous 
phase.

4 Registration, Evaluation, Authorisation and Restriction of Chemicals
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For this purpose ambient air is continuously sucked by a pump unit through a sampling car -
tridge equipped with a glass fibre filter at the open side at the bottom to collect the particulate 
air components (Fig. 4). The used filter has a separation ratio of 99.8 % for particles with aero -
dynamic diameters > 0.3 µm (VDI 2464 part 2). After passing the glass fibre filter, gaseous air 
components of organic compounds boiling at high temperatures are adsorbed on the surface 
of a hydrophobic material. This adsorbent should have a large surface area and a high porosi -
ty with low resistance to the air flow and is packed in a sleeve made either of glass or stainless 
steel.

In the samplers at UFS, two different materials are used: In the cartridges for the OCP samples 
a granulate of styrene-divinylbenzene-copolymer (XAD-2 resin), packed into a glass sleeve, is 
used as described in detail in the German guideline VDI 2464 part 4.

For assessing ambient air concentrations of HFRs, PCDD/Fs and PCBs the sampling cartridge 
is equipped with a steel sleeve with two cylindric polyurethane foams with open pores, accord -
ing to the guideline VDI 2464 part 3 (see Fig. 1, foams: height: 50 mm, di -
ameter: 60 mm) for HFRs and VDI 3498 part 1 for the PCDD/F and PCB. The 
PU foams are made of toluylenediisocyanate (TDI) and polyoxypropylent -
riol with a density of 25 kg/m 3 or TDI polyether soft foam with a density of 
33 kg/m 3.

Sampling of ambient air concentrations is done separately concerning the 
classes of substance (a) PCDD/Fs and PCBs, (b) OCPs and PAHs, and (c) 
HFRs. The measured volumes are all referred to standard conditions of 0 °C 
and 1013.25 hPa.

For PCDD/Fs and PCBs, due to very low target concentrations of femto -
grams per cubic meter ambient air, a high volume sampler (HVS) is used, 
which is operated at a flow rate of 100 L min –1 (6 m 3 h–1). Due to the pressure 
drop which is caused by the air drawn into the cartridge, under the high-al -
pine meteorological conditions at UFS, water vapour is condensating and 
immediately freezing. To prevent this effect, the filter cartridges are 
equipped with heated inlet tubes to avoid freezing (Fig. 5).

For OCPs/PAHs and HFRs low volume samplers (LVS) are used with a flow 
rate of 30 L min –1 (1.8 m 3 h–1). The sampling is done separately for OCPs and 
HFRs in order to obtain two separated samples, because extraction, clean-
up and measurement are performed separately for these two classes of 
POPs. The sampling of OCPs follows the guideline VDI 2464 part 4 and the 
sampling of HFRs is performed according to VDI 2464 part 3.

Fig. 4: Filter cartridge for sampling halogenated flame retardants (left) and sketch depicting the  assembly. 
Picture: KF, LfU

Fig. 5: In the front/top: Filter cartridges 
for sampling PCDD/Fs which are 
equipped with heated inlet tubes to 
avoid freezing (the mouth of the sam-
pling system facing downward). Be-
hind: Funnel adsorber deposition sam-
plers. Picture: GR, LfU
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Prior to use, all sampling materials must carefully be cleaned to avoid any contamination with 
the compounds to be determined: Glass fibre filters are heat ed for at least 5 h to 450 °C, then 
wrapped in aluminum foil and stored in a closed wide-neck flask until used for sampling. XAD-2 
resin and PU foams are generally precleaned by extraction with those solvents which are used 
to extract the POPs of interest after sampling. Although it is strongly recommended to purchase 
high purity XAD-2 resin, precleaning of the whole glass sleeve filled with XAD-2 resin by Soxhlet 
extraction with acetone/n-hexane 1/3 (v/v) is necessary for the analysis of OCPs (VDI 2464 part 4).

Nevertheless, for each series of air samples or each single sample a corresponding field blank 
sample cartridge must be prepared in exactly the same way as the sample cartridge(s), trans -
ported to the sampling site, briefly opened to simulate the exchange of a cartridge, and stored 
closed in the darkness (e. g. wrapped in aluminum foil) either at the sampling site or in a refrig -
erator in the laboratory during the whole sampling period. Afterwards this field blank sample 
is processed and analysed in parallel to the corresponding air sample(s) in the same way to 
detect and quantify possible field blank values of the pollutants of interest.

If a field blank value is quantifiable, the limit of quantification (LOQ) is twice the field blank 
value referred to the sampling volume of each corresponding sample (VDI 2464 part 3). To be 
accepted as quantifiable, the value (absolute mass) of a compound in an air sample must be at 
least twice the corresponding field blank value.

By using automated control-units (DPA 96 MV, DIGITEL Elektronik GmbH, Austria) which are 
accessible via internet, the daily status of the HVS and LVS is controlled remotely. In the same 
way the throughput of air and additional metadata can be downloaded at the end of each sam -
pling period.

In order to investigate the characteristics of different air masses, the HVS and LVS are equipped 
with a multi-channel system which can be used to sample four cartridges in one sampling 
period. For example, between 2006 and 2015 three predefined source regions have been inves -
tigated: northwest (NW), northeast/east (NE) and southwest/south/southeast (S). If the origin 
of the air masses was unspecified or was prevailing less than three days in one of the regions, 
it was classified as undefined and a fourth cartridge was used (UD) (Kirchner et al., 2016). The 
four available channels were selected on a daily basis after including the results of meteoro -
logical calculations using the FLEXPART model. The channel selection can be done automati -
cally using computing-on-demand for the FLEXPART calculation and a subsequent upload of 
control commands to the automated control-units of the HVS and LVS.

3.4 Sampling of persistent pollutants in deposition

Deposition is the transfer of particles and molecules from the atmosphere to solid and liquid 
surfaces and thus a main pathway for the entrance of airborne persistent pollutants into terres -
tric and aquatic ecosystems. Atmospheric deposition occurs predominantly in precipitation 
periods (wet deposition) but as well during dry weather conditions (dry deposition). In theory, 
atmospheric deposition is the sum of deposition consisting of gases which adsorb to surfaces, 
gases which are dissolved in precipitation, non-sedimenting particles which are scavenged by 
precipitation and sedimenting particles. In practice, a bulk deposition sampler does not com -
pletely cover the atmospheric deposition, but collects fractions of it, such as the gases which 
are dissolved in precipitation, the particles which are scavenged by precipitation and the major 
fraction of sedimenting particles.

One of three established sampling methods for bulk deposition of persistent organic pollutants 
is the funnel adsorber method which is standardized for PCDDs/PCDFs (VDI 2090-2) and low 
volatile PAHs (VDI 4320-4). These guidelines recommend an exposure period of 30 days.

To sample deposition of POPs under extreme climatically conditions, specially constructed 
funnel adsorber deposition samplers (Fa. Kroneis GmbH, Austria) are used (Fig. 6). These are 
standard funnel adsorber deposition samplers, following the guidelines DIN 19739-1, VDI 2090-2 
and VDI 4320-4, with a circular area of 0.053 m 2 which are additionally equipped with isolation, 
heated glass funnels to melt snow, and a heated cartridge chamber to avoid freezing and frost 
shattering. The precipitation flows from the funnel through a glass cartridge equipped with a 
glass wool filter and a hydrophobic adsorbent (see Fig. 7), and ends up in a collecting tank in 
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Fig. 6: Heated funnel adsorber deposition samplers which are used at the UFS. Picture: KF, LfU

order to allow the quantification of precipitation. The adsorbent is the same 
material as used for active air sampling: A granulate of high purity, pre -
cleaned XAD-2 resin.

As for ambient air sampling the parallel exposure and processing of field 
blank samples is mandatory to fulfil high quality demands of the analytical 
results. To quantify the transfer of persistent pollutant s from the atmos -
phere into adjacent compartments the analytical data are expressed as 
deposition rates which is given in mass flow density (e. g. pg m –2 d–1).

As sampling-period for active-air sampling and deposition sampling three 
months are chosen. This makes sure that enrichment of POPs in the adsor -
bents is sufficient to achieve measurements well above limits of quantifi -
cation. After three months of exposure, filter cartridges are exchanged by 
hand and are transported into the laboratory for chemical analysis.

3.5 Chemical analysis

The chemical analysis of the various investigated compounds is principal -
ly based on gas chromatography coupled with mass spectrometry in com -
bination with stable isotope dilution analysis (SIDA). In the following, the 
clean-up and analysis of OCPs is used as an example for the methodology. 
The analytical procedures for PCDD/Fs and HFRs are described in the re -
spective VDI guidelines 5.

Sampling and analytical method for quantitative determination of 31 OCPs 
in ambient air is performed according to VDI 2464 part 4 6. Using a sampling 
system, the ambient air is passing through a filter and a glass cartridge filled with an Amberlite ® 
XAD-2® adsorbent (poly-aromatic resin) adsorbing the hydrophobic compounds such as OCPs. 
Adding of sampling standards that are not expected to occur in ambient air and their recoveries 
allow to monitor the sampling process errors. Analytical procedure based on sample extraction 
and two clean-up steps using a stable isotope dilution assay (SIDA) enables the trace analysis 
of target compounds by gas-chromatography high resolution mass spectrometry (GC-HRMS).

5 PCDD/Fs: VDI 3498 part 1; HFRs: VDI 2464 part 3
6 VDI 2464 part 4 (draft): 2017-12, Ambient air measurement – Indoor air measurement – Measurement of persistent or-

ganic pollutants (POPs) with GC/HRMS, Beuth Verlag GmbH, Berlin

Fig. 7: The interior of the funnel 
 adsorber sampler: in the upper part of 
the cartridge there is included glass 
wool in order to collect particulate 
 matter, the white material in the lower 
part is the adsorbent (XAD-2 resin). 
 Picture: GR, LfU
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Before exposure, the filter cartridges are carefully prepared to fulfil high quality standards for 
trace analyses. Prior to cartridge preparation, the entire glass equipment including glass wool 
and adsorbent is carefully cleaned by the specified purification process to ensure the prevention 

of contamination. 50 g of Amberlite ® XAD ® adsorbent are placed in the 
glass sampling cartridge equipped with a glass frit. After filling, a plug of 
glass wool was pressed on the top of the adsorbent. Three sampling stand -
ards ( 13C12-PCB60, 13C12-PCB127, 13C12-PCB159) are added in an amount of 
1000 pg for each at least three positions on the bed of the adsorbent. The 
filled glass cartridge is sealed with a glass stopper and a glass case (Fig. 8). 
The cartridge for field blanks is prepared in the same way.

After exposure of the cartridge in the field at the UFS, the outer wall of the 
exposed immission glass cartridge is cleaned with the extractant prior to 
extraction. After the spiking of the glass wool with stable isotopically label-
ed standards ( 13C- and 2H-), the cartridge containing filter, glass wool, and 
adsorbent is placed in a Soxhlet apparatus, and extracted with a mixture 
of 3 volumes of n-hexane and 1 volume of acetone for 24 hours at mini -
mum rate of two cycles per hour. Sample extract is concentrated to 1 mL 
using a rotary evaporator and underwent two clean-up procedures (Fig. 9).

The first clean-up is performed using a multiple layer column containing 
10 g neutral silica (treatment at 450 °C), 5 g Alumina B (deactivated with 
3 % water), 2 g anhydrous sodium sulphate and a mixture of 1 volume of 
n-hexane and 1 volume of dichloromethane as eluent. The column absor -
bents are conditioned with 60 mL eluent solvent prior to elution. The eluate 
is then solvent-exchanged to acetonitrile, concentrated to approx. 0.5 mL 
and further purified using a selective solid phase extraction (SPE) with 
octadecyl modified endcapped silica phase (C 18ec) (clean-up 2). The condi -
tioning and elution is then conducted each with 5 mL acetonitrile. After 
concentration of the eluate to 0.5 mL, the sample is solvent-exchanged to 
20 µL n-nonane in an inserted vial. The final concentration to 20 µL acetoni -
trile is performed under a nitrogen stream at 45 °C. Afterwards, the recov -
ery standard is added to the sample for calculation of recovery of sur rogate 
standards.

After the successfull clean-up, the samples are transferred to a GC-HRMS 
system. Analysis of OCPs in ambient air samples is performed using a gas 
chromatograph equipped with a 30 m capillary column Rtx-CLPesticides2 
(0.25 mm ID, 0.2 µm df, Restek GmbH, Bad Homburg). The sample volume 
of 0.5 µL is injected by means of GERSTEL cooled injection system (GERS -
TEL GmbH & Co. KG, Muelheim an der Ruhr) in splitless mode at 120 °C 
ramping with 12 °C/sec to 280 °C hold for 5 min. The following oven tem -
perature was used: 60 °C/1.5 min, rate 12 °C/min up to 140 °C, rate 6 °C/min 
up to 300 °C/10 min. The GC to MS transfer line and ion source temperature 
was set at 300 °C and 260 °C, respectively. A total of 31 OCPs are quantified 
in electron impact ionization mode (EI+) at 47 eV operating in selective ion 
monitoring mode (SIM). Two or three exact masses ( m/z) according to VDI 
2464 part 4 are monitored for each target compound using a lock and cali -

bration mass obtained from perfluorophenanthrene (FC-5311). The instrumental method is cal -
ibrated using response factors for each analyte integrating sampling, surrogate and recovery 
standards.

3.6 Time series of persistent pollutants at the UFS

In general, several dozen individual compounds with PBT properties are measured above the 
analytical limit of quantification at the UFS. These include currently released flame retardants 
and combustion products. Also measured are OCPs, although these have not been allowed to 
be used in Europe for a long time.

Fig. 8: Glass sampling cartridge filled 
with Amberlite ® XAD® adsorbent. 
 Picture: GR, LfU

glass stopper

glass case

Amberlite ® 
XAD®

glass wool

220 cm

glass frit

Extraction: Soxhlet
n-hexane/acetone (3:1), 24 h  

�t
Clean-up 1: Mixed column

10 g silica, 5 g Alumina B (3% water), 
2 g Na 2SO4, 100 ml hexane/DCM 

(1:1)

�t
Clean-up 2: SPE 

C18 ec (1 g, 8 ml), 5 ml ACN

�t
Analysis via GC-HRMS

Fig. 9: Flow chart for OCP analysis.
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Referring to the insecticide DDT and its transformation products as an example, we see that 
these substances can still be detected in every single sample, although their use in Europe has 
been prohibited since the 1990s. At the beginning of the monitoring in 2005, as part of the 
MONARPOP project (Federal Ministry of Agriculture, Forestry, Environment and Wat er Manage -
ment, 2009), only 21 countries worldwide, mainly in tropical Africa and India, used DDT to 
combat malaria (UNEP, 2007). The ratio of DDT and its transformation products, as determined 
at the UFS, indicates that the substances are reaching the Alps from sources in Europe and in 
the tropics (Kirchner et al., 2016). This means that aged DDT still escapes from the former main 
European areas of application, for example from the soils of the Po Valley in northern Italy. 
Recently, “young” DDT is registered from tropical countries like India.

The measured substances are only detectable at low concentrations in the air on the Alpine 
summits. Values in urban or industrial air are three to a hundred times higher (Kirchner et al., 
2018; Kirchner et al., 2016). Compared to Arctic regions, the concentrations at the Alpine peaks, 
with exceptions to substances such as pentachlorobenzene and BDE 209, are on a similar scale.

The pollutants reach the northern and central Alps to one third by air-masses from the Medi -
terranean region and another third from northwestern source regions with maritime back -
ground (Fig. 10). About 15 percent of the air masses reach the Alps from the northeast, the re -
maining air masses cannot be assigned to any exact source-region (Kirchner et al., 2016).

The northeast air masses are usually the most heavily contaminated with polychlorinated bi -
phenyls (PCBs) and polychlorinated dioxins (PCDD/F) (Kirchner et al., 2018). However, this origin 
occurs less frequently, because the Alps are less influenced by air blowing from northeast. 

Fig. 10: Origin of air-masses and source dependent differences in concentrations of persistent organic 
pollutants (2006–2015). Source: Mario Wilhelm, LfU
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Therefore, about all of the source-regions, with the exception of UD (direct transport from the 
Atlantic), contribute approximately equally to the entry of these hardly degradable pollutants. 
Air masses from the Mediterranean and the NE are more heavily polluted with organochlorine 
pesticides, especially when compared to Atlantic air masses. These different concentrations 
with respect to the source-regions of flow confirm that some of the transported pollutants are 
residues from regional European sources.

Significant decreases in air concentrations for the period 2006 to 2015 can be reported for about 
one-third of organochlorine pesticides (see Table 3). This demonstrates the efficacy of the ban 
on the production and use of pollutants such as heptachlor and trans-chlordane (banned since 
2004), lindane and pentachlorobenzene (since 2009) by the Stockholm Convention.

Tab. 3: Pollutants for which a reduction in concentrations can be demonstrated (statistically  significant). 
„Current concentration level“ corresponds to the annual mean value of the 2015 measurements of 
 Sonnblick, Weissfluhjoch and Zugspitze.

Substance/Class of substances Decrease 2006–2015 Current concentration level in Alpine 
ambient air [picogram per cubic 
 meter of air]

� -HCH –55 % 5,51

Lindane ( � -HCH) –68 % 4,92

Pentachlorobenzene –24 % 39,31

Pentachloroanisole –47 % 6,13

4,4’-DDT –56 % 0,67

Chlordane (trans + cis) –51 % 0,77

Heptachlor (+ cis-heptachlorepoxide) –45 to –50 % 0,97

Endosulfan-I + II –93 % 3,41

2,4,4’-tribromodiphenyl ether (BDE 28) –64 %* 0,14

* For BDE 28, only measured values are available at the Zugspitze from 2012 on – therefore the percentage decrease 
 refers to the years between the end of 2012 and mid-2016 (not yet statistically hedged).

Even the major component of DDT (4,4’-DDT) shows a decline in the period from 2006 to 2015, 
which is over 50 percent. Most notably, a decline of over 93 percent between 2006 and 2015 for 
the insecticide endosulfane was observed which has been included in the Stockholm Conven -
tion since 2011, but has been banned in the European Union since 2005 (Fig. 11). This decrease 
demonstrates that, even before the entry into force of the global ban, restrictions at the level 
of the European Union are able to reduce air concentrations to a relevant extent.

Fig. 11: Time series of ambient air-concentrations of endosulfane I and endosulfane II at Sonnblick Obser-
vatory (SBO), Weissfluhjoch (WEI) and UFS.
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A tendency for decreases in ambient air concentrations – probably due to EU legislation – is 
also visible for HFR of the first generation. For instance, 2,4,4’-tribromodiphenyl ether (BDE 28), 
most volatile component of the technical pentabromodiphenylether used as flame retardant, 
is very probably decreasing (see Fig. 12). Penta- and octabromodiphenyl ethers have been 
banned in new products in the EU since 2004. The use of decabromodiphenyl ether has been 
severely restricted in electrical and electronic equipmen t since 2006. However, the measure -
ment series from 2013 is still too short to be able to derive statistically reliable statements.

The same can be stated for the deposition of BDE 209, the main component of decabromodi -
phenyl ether (DecaBDE), which was included by the European Union in the list of substances 
of very high concern under the REACH Regulation. Since May 2017, DecaBDE is also part of the 
Stockholm Convention. Between the first measurements of BDE 209 in the deposition at the 
Zugspitze 2008 and the last evaluated data from 2016 there is a decrease of about 90 percent 
(Freier K. P., Kirchner M., Denner M., Ratz G., Weiss P., Körner W., Moche W. (2019): Monitoring 
of Persistent Pollutants in the Alps, Bavarian Environment Agency & Environment Agency Aus -
tria; https://www.bestellen.bayern.de/shoplink/lfu_all_00161.htm).

More problematic are substances that are internationally regulated but do not decrease visibly 
in the past ten years referring to ambient air-concentrations and deposition, such as PCDD/Fs 
and PCBs.

With the beginning of the 1990s, the installation of appropriate exhaust gas filters in waste 
incineration and industrial plants reduced PCDD/F concentrations in metropolitan areas by 
about 80 percent (UBA, 2014). PCBs are also produced to a limited extent in combustion pro -
cesses, but they were additionally used in large quantities as softeners and insulating oils 
until the end of the 1970s, so they still escape from buildings (joint sealants, paints) and im -
proper disposal of transformers and capacitors. Since 2004, PCDD/Fs and PCBs are part of the 
Stockholm Convention.

From the beginning of the measurements in 2006, decreasing PCDD/F and PCB concentrations 
could be ascertained for the Alps, which until around 2010 proved the success of the mitigation 
measures. However, the concentration decrease stagnated after 2010 and in some cases sub -
stances even increased again from 2013 onwards. The same pattern is also shown for the input 
of PCDD/F by precipitation: Levels of deposited PCDD/Fs are similar to those deposited in 2006 
(Fig. 13). There are also marked peaks visible that are four times higher than the usual deposi -
tion rates. The reasons of for these maxima could not be clarified so far.

Overall, PCDD/F and PCBs continue to enter the Alpine ecosystems, with a trend towards in -
creasing levels of airborne concentrations in recent years. For this reason, it must be clarified 
on an international level, where similar effects can be observed, what causes the renewed in -
crease in air concentrations, and whether further action is required. The extent to which living 
organisms in the Alps are burdened by these entries is investigated in the PureAlps pro jects 
2016–2019 (Freier et al. 2019).

Fig. 12: Time series of ambient air-concentrations of BDE 28, a halogenated flame retardant of the first 
generation
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From the group of OCP and related compounds, octachlorostyrene (OCS) can be identified as 
a possible problem case, a substance that has hitherto been neither nationally nor internation -
ally regulated. Since the beginning of the program, ambient air concentrations of OCS have 
been steadily increasing at the alpine monitoring stations (see Fig. 14): The increase of 33 % 
over the past ten years is statistically significant.

OCS is classified as a PBT substance (UBA, 2016) and it is also suspected that it acts as a hormone 
for certain organisms (WHO, 2013). OCS results from the extraction of aluminum and magnesium 
in chlorine chemistry and the combustion of plastics containing chlorine. Concerning the deposition 
in the alpine area, it is currently completely unclear, from which sources the OCS originates. The 
simultaneous measurement of high concentrations of penta- and hexachlorobenzene, however, 
suggests that the source of all three substances is the production of highly chlorinated solvents, 
such as perchloroethylene and carbon tetrachloride (Weber et al., 2011; Zhang et al., 2015). Therefore, 
it would be desirable for OCS to record internationally the main sources and quantities emitted in 
order to develop measures to prevent further increases in ambient air concentrations.

3.7 Detecting emerging pollutants

In the framework of chemical regulations, particular attention must be paid on risks due to irrevers -
ible pollutant inputs. Therefore, PBT substances that are considered novel pollutants, so-called 
emerging pollutants, are also being investigated within the chemicals monitoring at the UFS.

Emerging pollutants are only recently observed in the environment and are not or only partial -
ly regulated. The present monitoring should help to make the risk of these novel chemicals more 
manageable.

Fig. 13: Time-series of deposition of dioxins and furans (given as sum in toxicity-equivalents, TEQ)

Fig. 14: Time series of Octachlorostyrene from UFS and Sonnblick Observatory (SBO)
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Increasing demands on the fire protection of materials and at the same time increasing pro -
duction volumes of plastics lead to a worldwide increasing use of novel flame retardants. Many 
of them are evaluated as PBT substances (Shaw et al., 2010), but so far are neither nationally 
nor internationally regulated. Therefore, new flame retardants are also monitored at the UFS. 
A total of eight of these novel substances have already been detected until 2017 in the air, 
seven also in precipitation.

Particularly noteworthy for the novel substances is decabromo-diphenyl-ethane (DBDPE). Sev -
eral thousands of tons of this flame retardant were introduced into the EU back in 2001, and 
since the bans and restrictions on older flame retardants, such as DecaBDE, it has been increas -
ingly used as a substitute. The reason for the use as a substitute lies in its similar properties 
compared to the previously used DecaBDE, which also suggests the similar chemical structure. 
This similarity extends to properties that affect the environmental risk. Despite already proven 
accumulation in seagulls and other animals (Betts, 2009), the decision on the final assessment 
of DBDPE has been postponed by the European Chemicals Agency (ECHA) to 2019 due to in -
sufficient data (ECHA, 2016).

Ambient air concentrations at the UFS for DBDPE show strongly increasing tendencies (Fig. 15). 
In addition, in the deposition at the UFS DBDPE occurs in the highest concentrations of all flame 
retardants, the emerging pollutant has already overtaken the formerly dominant DecaBDE. The 
measurements at the UFS give evidence that DBDPE does not degrade appreciably in the at -
mosphere and undergoes long range transport.

The increase of DBDPE shows that effective restrictions for HFRs of the first generation such as 
BDE 28 (Fig. 12) have translated into a more intense use of non-regulated HFRs of a second 
generation with similarly problematic properties. This suggests that a successful chemicals 
regulation has to encompass both, the forcing of a phase-out of problematic substances and 
the promotion of alternatives which avoid an increased usage of substitutes which also reveal 
PBT-properties. In the best case, the promotion of alternatives not only covers a direct substi -
tution by other chemicals but as well a technological shift, which makes the further demand of 
similar substances superfluous (Science for Environment Policy, 2017).

3.8 Perspectives of chemicals monitoring in the Alps

The results of the ten-year monitoring of PCDD/Fs, PCBs, and OCS show that there are current -
ly higher levels of exposure to compounds, which are produced as undesirable by-products in 
the combustion of chlorine-containing materials and as well in chlorine-chemical industries. In 
order to determine whether the sources of these pollutants are located in Europe or in other 
areas, air masses must be sampled separately for their regional or global origin. Therefore, a 
pilot study at the UFS is testing whether it is possible to record air masses of the free tropo -
sphere separately from regional, ground-level air masses coming from nearby regions (Sig -

Fig. 15: Time-series of the halogenated flame retardant Decabromodiphenylethane (DBDPE)
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mund et al. 2019). The prerequisite for this is a procedure that automatically differentiates two 
cases: one case, where the atmosphere around UFS is definitely decoupled from the mixing-lay -
er (see Fig. 16) and a second case, where the UFS is located inside the mixing-layer.

Climate change, as a core issue of the 21st century, is also relevant for the environmental risks 
due to chemicals: the question is to what extent changes in temperature and precipitation will 
affect the future input of pollutants in the Alpine region.  It is also of concern that the use of 
pesticides in agriculture will likely increase as population in developing and emerging countries 
continues to grow, and climate conditions may deteriorate in Europe at the same time. In the 
case of persistent chemicals, this could also affect the cold trapping phenomenon in the Alps. 
Therefore, for this unique mountain range with its original ecosystems, a global, early commit -
ment to a more environmentally sound economy would be desirable, which also takes into 
account the environmental and health risks of chemicals.

Another opportunity for the future of chemicals monitoring activities at the UFS may be the com -
bination of continuous measurements of ambient air concentrations of emerging POPs and inter -
val-monitoring of bioaccumulation in wildlife and humans of the surrounding areas. In this way, 
it would be possible to give evidence of two important characteristics of POPs at the same time: 
the monitoring at the UFS delivers insights on persistency and long-range transport of chemicals; 
the monitoring of wildlife and humans allows assessing the level of bioaccumulation under the 
given deposition rates. For instance, the Partnach-river below the UFS is characterized by karst 
hydrogeology and is well defined concerning its catchment where the UFS is situated within 
(Rappl et al., 2010). The accumulation of POPs in brown trout in the Partnach-river (Fig. 17) is there -
fore directly relatable to the deposition rates which are monitored at the UFS (Freier et al. 2019).

Fig. 16: Winterly atmospheric inversion indicated by the low-level clouds in the background. This repre-
sents a situation where the UFS is decoupled from lower atmospheric levels. Picture: KF, LfU

Fig. 17: Brown trout in a pristine alpine catchment is an indicator of background contamination with POP 
from atmospheric deposition. Picture: © Niklas Winter
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4 4  Observation and Modeling of Climate Driven 
Permafrost Trends at the Zugspitze Summit

Thomas Gallemann 1, Michael Mahr 2, Andreas von Poschinger 1, Bernhard Wagner 1

Abstract

Keywords:  permafrost, climate change, rock temperature, modeling, Zugspitze, Northern Cal -
carous Alps

In 2007 the Bavarian Environment Agency (LfU) established a permanent measuring station for 
recording the permafrost temperatures at the Zugspitze mountain summit. A nearly horizontal, 
44.5 m long, borehole was drilled through the peak and temper ature sensors were installed 
inside.

A computer model, accounting for climatic atmosphere-rock interactions and rock temperatures 
including latent ice-water phase changes, was calibrated using the measured permafrost tem -
perature data.

With the calibrated model past permafrost development, from 1915 until 2015, was calculated 
on basis of climate data, available since the year 1900. Future permafrost development, until 
the end of the 21st century, has been calculated on basis of an ambient temperature projection 
at the Zugspitze (WETTREG2010).

The mean ambient temperature at the Zugspitze increased by about 1.6 K over the last 100 
years. Consequently, this resulted in a considerable reduction of the permafrost in the Zugspitze 
summit. According to the simulation, the permafrost has shrinked from a total length of 34 
meters in 1915 to 24.5 meters in 2015. The projected ambient temperature increase indicates 
that the permafrost may disappear at the Zugspitze in the second half of the 21st century.

4.1 Introduction

The Zugspitze is the highest mountain in Germany, 2962 m above sea level. The summit is 
situated in the Northern Calcarous Alps, at the western rim of the Wetterstein mountain range. 
It consists of a sequence of more than 1200 m of limestones and secondary dolomites of the 
Alpine middle Triassic ( HORNUNG  & HAAS 2017a, b). Fig. 1 shows a view from the north with a 
schematic geology.

Because of its highest elevation, the largest permafrost occurrence in Germany is expected at 
the Zugspitze ( NÖTZLI et al. 2006, BÖCKLI et al. 2011). The permafrost existence at the Zugspitze 
was first mentioned by KNAUER (1933). Then, KÖRNER & ULRICH (1965) and ULRICH & KING (1993) 
published more comprehensive data. At present, the average annual ambient air temperature 
at the Zugspitze is about –3 °C, while in 1900, when the first regular weather records were col -
lected, it was –5 °C. This data indicates a clear upward temperature trend.

The amount of permanently frozen rock is very sensitive to the climate change; consequently, 
it is a significant climate change indicator. Therefore, longterm monitoring of the permafrost is 
essential for analysis of the climate change ( BAYERISCHES STAATSMINISTERIUM  FÜR UMWELT UND  VER-
BRAUCHERSCHUTZ 2015). Another important issue is a stabilizing effect of the permafrost on rocks. 
Reduction of permafrost in high alpine regions, due to global warming, decreases the rock 
mechanical stability ( KRAUTBLATTER et al. 2013). This, in turn, may lead to an increase of occur -
rence and intensity of mass movements (e. g. landslides and rockfalls) and influence the stabil -
ity of building foundations ( GRUBER et al. 2004, GUDE & BARSCH 2005, RAVANEL & DELINE 2011).
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